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CROPS AND PLANT BREEDING 
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1. CROP 8TATJ8TI(^S AND PUTCHK POLl(n^ 

The official statistics of crop aer<‘ages, livestock population and cstiinatisl j)n)(lu(5tion 
of the principal crojis in England and Wak^s during H)3P-44 show the ])art played hy home 
agri(!ulturc in feeding tlic jicople of this country, as wt^Il as dcrnonstraliug tlie fuudatnental 
changes in the balance of agricultural }>roduction in terms of crox> output (Ref. 1). It has 
bemi tistimated that in reci^nt yt^ars approx hnatidy 70 jier cent, oftlu' nutril ional rc(|uirernent8 
of th<^ country has been produced at home, and this has been accornpani(‘d by a 70 ]>(*r cent, 
increase in tla* total tillagt^ acreage. 

The outstanding features of the great change in crop production during th<* war years 
hav^(' b(^en the 80 per cent. increas<‘ in the cental aiTeage and the 1 10 per ccuit. incr(‘as(^ in the 
potato acreage, both of w liich WH*re n^sjionsilile for mon^ than doubling lh(‘ ontjmt of those 
crox»s, thus showing how yields have betm maintained. In addition, th(‘ tot<d aenaige of 
ve‘g(‘t-ahles (excluding jiola’toes) for human consumption has inen ased by nearly 04 jrt cent., 
while the acreage under all otluT crops such as fodder cr()[)s, etc., shows a substantial 
advance. In many crops, including the eert‘als, acieages have reaida^d thr* highest figures 
ever recorded. 

The figures for the various types of grassland and grazings are significant in showing a 
48.5 [)er eent. ima-case in temj)orary grass of all types, and a 88 pm' ceni il(M*n*as(' in ])crma- 
nent swards for grazing and mowing. Although there has Irtmi a slight, inercaise (8.8 {)er 
cent.) in the area of rough grazings, there being still 5| million acnw of land in this category, 
it should bo noteii that fmrt of this increase is due to the changed utilizat ion of rough areas, 
and it is impossible to draw a hard and fast line between rough grazings and ]K*rmanent 
grass b(‘cause of tlie reclassification of the grasslands of the eountry. 

With the w ar in Europ<* at an end, the Minister of Agricultiiri» has issued a stat.einent 
on national x>ohcy for the next two yi^ars. A(»cording to this statement-, although in the 
immi^diate futun^ the country must maintain the food production efforts of the war, there 
will b(* a change* of emxihasis on the products, and there will be a d(*(*rease in (‘creals, jiotatoes, 
sugar beet and vegetable's and increased attention to livestock x^roduet s. This Avill entail 
a reduction of the 1944 tillage acreage of 11, (KK), 000 acres to 10,950,000 aere^s in 1946-47, 
although it is hoped to increase slightly the arable ac'reage at the saint* time. The most 
important development is the jiroposed expansion of temporary grass freirn 2,970,000 acres 
to 3,850,000 acres to cater for the increased output of livestock Y>roducts, wdiik' it is hojied 
at the same time at least to maintain the area under fodder crops. 

The significance of these changes is obvious ; they constitute a step towards the more 
balanced agriculture suited to the conditions in tliis country. If the large increases in world 
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food production which arc visualised as necessary for the adequate feeding of the people are 
to be imj)lement.ed, it is difficult to see how a considerable degree of national specialization in 
food production, based on environmental suitability, can be avoided. The United Nations 
Interim t^immission on Food and Agriculture has publish(Hi its first report;, and has proposed 
that a jiermanent organization should be set tip at an early date to solve collective!}^ the 
problem of food shortage, and coll(‘c<., analyse and disseminate information on nutrition, 
food and agricnltui c in addition to ])ronioting and recommending national and international 
action regarding researcli. 

In this country nqxirts on agricultural policy and reconstruction wen? })ub- 

lishc'd in H)44, and it is interesting that the majority refer to the necessity of developing a 
balanced agriculture hasixl on (uiv ironm(‘iit, the maintenance of soil fertility, and the 
nutritional re([uircrncnts oi the pco})l(‘ (Ref. 2). The generally acccqited ojiinion may be 
surnmarisixl in th(‘ follov^ing (‘\tracl from a statem(‘nt. unanimously adopted at a conference 
convened by th(‘ H.A.S.F “ 'FIk' fundamental ])urposes of long-t(‘rm policy should be 
the proiHM- us(‘ and managmmmt of the agricultural land of this country for the jiroductiou 
ol th(‘ foo<lstuifs winch it is h<‘sl fil,t(’d to provide and whi(4i arc mo.st rocpiirt^d to satisfy 
nutritional ncixls whih^ maintaining tin' fertility of the soil, the raising of the standards of 
rural life and thi‘ increase in the rural population.'’ 

11. NATURAL (RLAZINUS AND (UiASSLAND JVIANAUEMENT. 

'Fhe* i‘or(*going consid(Tations inevitably imply an adeijuate and efficient use of the 
natural agricultural r(‘sources of th(‘ country. Of t hese resources, the natural and artificially 
maintaiiK'd grazings and grasslands constitute a vastly ini])ortant comjioiKuit, and there is 
>videspr<vid concern in many countri(\s that neglect and wrongful exjiloitation have allowed 
the natural grazing lands particularly to d(‘generate to a condition which can no Iong(»r bo 
toleratixl. 

This position is clearly ndlected in two symposia published by the Imjicrial Bureau of 
Rastun^ and Forage (U‘ops dealing with grassland husbandry and fodder ])lant ])roduction 
in various jiarts ol the world (Refs, ‘I and 4), The jii’obhuns and tlieir answaus ari' not merely 
domestic consid(‘rat ions for the countries coru*ern(‘d, but th(\v oftiui ofler useful illustrations 
ol th(* trends in agricultural thought and policy which may be applicabl(‘ (dsewhere. An 
illustration of t his ma\' be seen in the grassland rnanagenKUit^ (^x])eriences in New Zealand, 
wdiere b(*tv\'(MMi tin* xa'ars 191() and ib40 then* was an increase of 1(50 per cent, in the cow 
fiopnlation and 20 pt*r cent, in tin* shc(*p population flcs])ite a d(‘crease of 114 per cent, in the 
a(Tcag(‘ of sw(*(h‘s and turnips, and a 41 jier omit. dt(a*(‘ase in the area under mangolds. 
Th(* livestocl> increase* was, h()\v(*v(‘r, ac(*oTnpanied by a five fold imu’case in the an^a under 
liay and silage* whicli is re'gardcrl as being the significant concomitant, although there has 
laieui a gre*at> (‘xpansiem of Mic jiraeitie'e* e>f top dressings pasture's. Toj) dressing with phosphate 
and lime has de'inemstraf-e'd that there* is a cleisc re*lationship bctwoeui this practice and high 
erarrying cajiacity and produe-tivity pe*r acre. Ex})e*rime*nts have shown that oven where 4 
ew1,^. of superphosphate* w'e*r(‘ applie*d to swards at sowing, me^re than this amount was rc- 
turnexl through the* nianiiring eif the* grazing animal in one* year. Harrowing of grassland 
to spr(*ael t he* animal droppings is eonscepienitly regardeel as an imiiortant part of grassland 
manage*ine‘nt, and it is vveirlh not ing that heavy seirface* cultivations as such have failed to 
show any he*nelit to tlie* sward under the eemditions ed’ the Ne^w Zealand experiments. 

In this eountiy the* im])errtance of an adequate policy for the upland and hill grazings 
is e‘mphasis(*d h} t he* re]>e>rt. c>r the* f Committee on Rill Sheep Farming (Ref. 5). It is astimateKl 
that one* sixth of the total agricultural area of England and Wales comes in this category, 
anel before* this war l)etw'e*cn 2(l and 25 per cent, of the total ewe population, together with 
an undetex’rnined number of cattle, were kept on these lands. The welfare of the hill areas 
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IS of vital consequence to the agriculture of the country because of the dependence of the 
lowland sheeji industry on the hill sheep population, but the ('Committee concluded that 
“ there is a deplorable waste of human and material resources ” in the hill areas due to 
economic instability. This waste can be stopped only by the a})plication of the best 
scientific and practical knowledge, and the first need is to improve the stock- carrying 
capacity of the grazings so that they can fulfil th(Mr function of su}>plemtniting the resources 
of the lowlands for rearing stock. This function will betrome of grcak'r importance as the 
use of new leys and the adojU-ion of alU^rnate husbandry develop, and it will be necessary 
to improve the lower (^nclosurt^s and intakes to provide more winter keej) for she(q) and cattle. 
The (^ommitteci recomm(*nd that this should be done by ]>loughing and reseeding where 
possible, and by liming, manuring and good stock managemf»nt where ploughing is not 
])racti cable. 

The key to the whole problem is the stimulus and means to improve the grazings ami 
(‘onserve soil fertility. Effective and efficient imj)rovem{Mit is dependent largely on the 
outcome of research a[>]>lied to a large number of {problems of wdiicdi the following are out- 
standing — the breeding of suitable ht^rbage plants : lhf‘ dtssign of a])propriat(‘ pow(‘r-driven 
drainage tools : the application of the most effieient systcmis ol liming atul ph()S}>hatic 
manuring : the dt\sign of cluvif^ methods of bracken (‘radieation : methods of controlled 
hemthfu* management : th(‘ (|uestion of hill she(‘p dis<^ases and flock management, and the 
r61<^ ol‘ cattle. But tiu* urgv ut lu^ed of tiu* restoration of soil fertility is of ]jaramount 
iinp()rtanc(5 ; this is stressed by the S(‘()ttish (<ommittee in their ref>ort on hill sheep farming 
in Seothmd (TIef. h), and also in Ref. 8. 

JTI. ALTERNATE HUSBANDRY AND LEV FARMINU. 

1'hc ap{»li(^ation of alternate husbandry and the d(‘velopm(vnt of tlu^ most effieient 
system of ley farming and j’otational })ra<*tiee are matters whit'h ar(‘. commanding the 
attention of agriculturists throughr)ut the world (Ref. 7). Tlie problems and tlu'ir most 
tdTeetivc solution are, of course, to a large* extent oeonomie, hut tluw are also largely 
(‘onecirned with the vital matter of building up and maintaining soil fcrtilits and the pro- 
diu'tivity of the land. It is obvious, therefore, that every eountiy and agricultural area 
needs separate consideration aec'ording to its natural rt^sourees, (mvin)umt*ntal conditions 
and econornie problems. In 8w'<Hlen, for example, although the teiufiorary ley is utilised 
for contributing the bulk of the winter fodder, there is a recent tendency to sow pasture leys 
for the production of sumnuT fodder outside the usual rotation. In (hnniany, some of 
the most eminent grassland exjierts do not subscrib(* to tlie testament of the* temporary ley, 
but instead they su])}>ort the idea that good permanent grass, widl managed and under 
suitable conditions, improves Avith ago and produces the most valual)le meat animals and 
milk of the highest fat content. In some of the newer agricultural areas ol’ the world — the 
[J.S.A,, Canada and Australia- -the development of efficient alternate husbandry systems 
is largely do {lendent on finding suitable* forage plants and increasing the livestock population, 
while over large areas in the tropics it will be nec<*ssary to solve a number of formidable 
problems before stable peasant farming based on livcsto(‘k ea)i be visualiseel and, even then, 
it remains to Ix^ aeon whether this will ever devtilop into something ap})roa('hing true ley 
farming. 

The position in this country with regard to the application of the principles of alternate 
husbandry and ley fanning has been discussed from time to time in these articles and needs 
no further mention at the moment. .There are, however, certain fjuestions of a more 
restricted and technical nature affecting rotational practice whi(ih are worth considering. 

The effect of herbage plants on the fertility and structure of the soil is of direct 
practical importance in relation to the best associations of the constituent s of ley mixtures 
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and the optimal time for leaving leys down under various soil and climatic conditions. 
It is considered that the most important reason for introducing perennial grasses into crop 
rotations is that under all climatic conditions the improvement of soil structure develops 
to a high(‘r degree under perennial grasses than under any other type of vegetation. Tn 
devising rotations, therefore, it is important not only to produce the most economically 
efficient leys, but also to (establish and manage temj)orary swards in a manner which results 
in the most bfnudieial effecit on the soil. These two requirements obviously do not always 
coincide, but the produ(;tion of forage above the soil, and the effects of root growth in the 
soil, are tlui two main AiatuiXiS of ley management. 

Kx})(Timents hav(^ IxH^n conducte.d in various parts of the world to determine the time 
necessary for a ley to (‘xert its maximum beneficial effect on the soil, and also on the time 
taken to destroy this effect after ploughing out. Woburn exi)eriments in this country 
suggest that a one-year l(\v can have a beneficial effect on two following cro})S of corn, but the 
general (jonclusion from <»x[)(‘rinK^nts in all parts of the world is that the full effects of the ley 
will be r(‘ached in two years in a moist (dimate and four years in a dry climate, with a 
similar [)eriod for tin* destruction of these effects by cultivation. It is obvious, however, 
that soil type and the croj)s grown will also affect these criti(5al periods. 

Th(‘ important practuial implications an^ stimulating a groat deal of work on the 
behaviour, rat(^ of develo})mont, j)enetration, spread and decomposition of the roots of 
herbage ])lauts, as wi^ll as the effects of various types of management on these characteristics 
of root systems. The rt^sults of this research must hav(‘ im])ortant repercussions on systems 
of ley farming, the most efficnMit herbage ])lant species, the b(\st mixtures and the most 
offici(»nt management. The ])roblem of sward deterioration with ago must also come under 
conskh^ra-tion hc^rc^ ; as to how' far this d<^t(U‘ioration may be due to th(^ develo])ment of 
a sod-bound condition, which is commonly associated with the dominance of (!rw})ing 
(rhizomatous) grasses at the ex])ense of the tiifk^d s])ecies and (dovers, and to what extent 
it is due to a lack of balance in available soil nutrients which can be remedied by cultiva- 
tion, f(n‘tiliz(^rs and the sowing of leguimss. 

Climate, of course, holds the key position in regard to many of these considerations 
involving farming systems, rotations, livestock enterprises and the botanical composition of 
leys. But under any set of climatic (jonditions, all soil factors assume importance and more 
knowledge is necessary concerning sc)il fertility and productivity and the reqiiirements of 
particular crops before the best systems can be evolved under j)articular environments. 
However, all thes(^ tecdinical questions, and many others such as weed control, the incidence 
of fungal diseases and insect pevsts, and the health of livestock, are little more than academic 
scientific problems unless the ecionomic considerations are such as to encourage improved 
systems of farming. The general economicr reasons for adopting alternate husbandry are : — 

1. It [)rovides one of the best methods, or one of the necessary processes in the best 
combination of methods, of maintaining soil condition necessary for continued production. 

2. It. fuovides the most economical method of securing a necessary increase in 
physical fu’oduction ])er unit of land. 

II. It })ro\ id(‘s th(‘ most economical method of s(‘curing a varied production of crops 
and live‘-’to(*k to providt^ an ad^xpiate and satisfying dietary. 

4. It may i)rovide one of the best methods of securing a high output per man and thus 
of raising the standards of earnings and living in the agricultural community. 

IV. HEllBAOE PLANT STRAINS. 

Trials with Aberystwyth .^trains of herbage plants have been conducted at ten centres 
in Ixncestr'rshirt^ and afford an interesting example of the behaviour of these strains under 
these particular conditions. It must be stressed, however, that the assessment of behaviour 
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was based entirely on eye judgment. Eight of the fields were broken up from old grass for 
direct reseeding, and two were foul old arable destined for seeding without a nurse crop. 
The seed was sown in the spring or in August after a bare fallow, and appropriate fertilizers 
were added. The swards were grazed early and almost continuously throughout the 
grazing period each year, with rest intervals during the winter (R(^f. 9). 

The grass species used were perennial rye grass, cocksfoot, timothy and meadow fescue. 
The trials confirmed the impression that the first named sj)ecies is the most successful for 
soils of medium to good fertility, although cocksfoot and timothy-dominant swards were 
successful under conditions suitable to thes(* grasses. Meadow fescue, on the other hand, 
did not prove itself to be a useful sp(»ci(»H. 

The Aberystwyth strains showed up very well in (‘omparison with the commercial and 
New' Zealand strains, and they demonstrated an ability to VN'ithstand hard grazing, a good 
ground -covering caj)acity, an a})S(‘ncc of any i‘.xtrem(^ peak in production and the power to 
prevcuit white clover dominanci\ These characters of the Aberystwyth stra ins are, of c ourse, 
of great importance in h('rbag(' ])lants exposed to inU'nsivc' grazing marjagcmunit. S. 23 
})erennial rye grass, S.r)0 timothy and 8.14.3 coc^ksfoot were outstanding as leafy grazing 
types and exc^ellent swards were obtained wdth S.23 as tlie only grass, or as the dominant 
strain, with either of the other two. 

Tfie most attractive swards w^eie formed, howinw, with 8.23 dominant and 8.50 
timothy and (hither 8. 143 or 8.190 cocksfoot also in<*lnded. As far as the (dovers were 
coii(M^rn(*d, 8.100 white clover fulfilled all the retjuirements and th(U'(' w'as no need to 
include' a red clover in leys u[) to 5 years duration. 8. 100 })Ossil)ly did not compete with the 
very leafy grass strains as successfully as wild whitt', clover, and the latter may be ruHiessary 
for t.he longer leys, although 8.100 was still in full production at the tirm^ the report waa 
written. 

V. THE 1>LA(T]MENT OF FERTILIZERS DRILLED WITH SEED. 

In Ref. 10 attention is draAvn t(» the risks ami advantage's attendant on the j)ractice of 
(hilling f(‘rtilizer with seed, and it. is stated that the results obtaim'd will be affected by the 
t\ pe of drill used, the charac'ter and condition of the fertilizer, a ml the soil and weather 
(jonditions at scH'ding time. If a non-combim' drill is used tlmre is considerable danger of 
damaging both the drill and the seed, and if this method is employed the drill should be 
cleaned immediately after use, the se(‘d and the fertilizer should be mixed immediately 
before sowing, and a granular fertilizer should b('. preferrcul to a jiowder. 

Although it is ju’eterable to use a combine drill, there is still some danger in sowing the 
seed with tht^ fertilizer Ix'cause the seed becomes coatiMl with the fertilizer and lies in contact 
with it in the soil. Therefore, the b<\st method is to deliver the stnd and fertilizer through 
sojiarate coulters, and in this connection it is statc'd that the best results are obtained 
with root ta' 0 })s (which appear to be very liable to damage by contact with fertilizers) when 
bands of fertilizers art' placed alongside tlie seed rows and not in contact with, or below, 
the setul (Ref. 11). 

There is ex 2 >erimental evidence to support the view that phosphatic fertilizers give 
better results w'hen drilled with the seed than when broadcast. Experiments with a granular 
phosphatic fertilizer applied to spring oats and barle^y in this country showed an average 
increase in the yield of grain and straw from combine sov/ing twice that from broadcasting, 
although in one of the experimental centres broadcjasting gave slightly better results (Ref. 
11). Although oats, barley, turnips, swedes, sugar beet and mangolds have all been shown 
to benefit by drilled phosphatic fertilizers, sugar beet and mangolds are known to have been 
injured, and beans and peas appear to be the most likely crops to suffer from heavy dressings. 
Cereals, on the other hand, apparently are much less susceptible to contact with fertilizers 
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but even they may hIiow a delay in brairding due to combine drilling ; this, however, may be 
KO(m eomiKnisated by more ra])id and luxuriant growth which is seen in a higher rate of 
tillering, iK^tter wee,d control and higher yield. 

In all cases there is evidence that potash fV^rtilizers are bettor not used in a drill, while 
there is greater risk i'rom drilling a (•om])ound or mixed fertilizer than from the same amount 
of fertilizer constit-iKMits applied seiiarately. In any event heavy dressings of fert.ilizer 
should not be drilkid, and it is maintained in Ref. 1 1 that the full benefits of combine 
drilling can b(‘ obtain(Hl only ii’ the plant’s recpiiremonts for nutrients (jan be included in 
2 to 3 owt. of fertilizers. 

The above statements are in general sujiported by experiments with soya lieans in the 
United States ol“ America (Ref. 12). In these experiments all the fertilizers used delayed 
the emergence of the seerllmgs to some extent, irrespective of the kind or amount of fertilizer, 
its placcnu^nt-, or the soil tyjie and moisture content. Generally speaking, however, the 
emcrgi^ncc was d(iay(*d in proportion to the kind of fertiliztT and the rate of a]-,)lication 
when used in contact with the sct‘d and in soils of low moisture content the delay tended 
to be great (T wIkmi the fertilizers were applied in contaett with the seed in comparison with 
the f(‘rtiliz(‘rs sown in bands 


VI . POTATOES. 

A Joint ('ommitt(*e of th(‘ Agridiltural Improvement Council for England and Wales 
and for S(^otland hav<‘ T(‘portt*d on the measures recpiirc^d to ensun' that scientific know- 
ledge in r(\spe(*t of the produedion and use of seed potatoes is fully ajiplied in practice, and to 
make such further recommendations as to the growing and storage of potatoes as th(j 
CommittiH' think desirable'." A summary of this rejiort has been published by the Ministry 
of Agriculture (Ih'f. IJ). 

The causes underlying poor \ lelds and wastage* in a crop which was valued at £ 14, 000 ,(X)0 
befort* th(' war is a matter of great (‘oncern, and’the jiroblerns connected with the growing 
of adecjuati' si'i'd sup[>Ucs and their efficient distribution arc w orthy of serious consideration 
by the w^hole community. It is most important to ensure that lu'althy and vigorous stocks 
of S(H*{1 arc maintained In' an (*fficient ceri.ifi(*ation schenu' and that tin* jiroportion of 
heal thN" seer 1 planted is ma1<*rial]y increased. There still a]»pears to be considerable lack 
of knowk*dg<‘ and afijirci'iation of the significance of using liealthv seixl (at the present only 
about 50 per i*(*nt. of the total s(*ed planted in Englan<l and Wales is certified), and the 
importance* of th(* incidence and dangers of fungal disease's, particularly Blight, and eel- 
worm ii(‘(*ds to b(* more widely known 1’he (kimmittee’s ri^port also stresses the damage 
and loss to the eroj) dm* to tnher and storage diseases, partienlarJy when the tuliers are 
left in tile clamp for long p<*riods of time as has ha])pen(Ml during the war. 

Then^ an* us<*liil [uiblishf'd aecounts of the important eonsid orations in relation to 
healthy and ])ur(' stocks, and the reaction of varieties to virus and othei diseases (Ref. 14 
and 15). Th(*ro are v(*rv distiiu^t varitd-al res|K)Uses to diflenuit viruses, and the severity 
of the symptoms and their (dTof'ts, as wi*,!! as the susceptibility in thi*. field, are, not sufficiently 
apf)reeiat.('d by growers For examph*, although the Leaf Roll virus causes similar symptoms 
in all vaneii(*s, and there are as yet no immune varieties, considerable differences exist 
botwt>f*n \uri«*tie*s iii the effect of the virus and the (^ase with which infection takes place 
in the fiiJd. Arrau Baniu'r is amongst the l(*ast affected varieties and it also resists field 
infection, but Majivstie, although field resistant, is affected to a greater degree, wliile Arran 
(Consul and Dunbar <‘ava1ier an* both seviTcIy affected and very susceptible in the field. 

'I’Ih* various virusi's which cans?* Mosaics and other synijitoms are more complex in their 
reactions wit h ditli'n'iil varieties There an? six recognisi'd viruses of this type (X, B, A, 
Y, F and G), some of wliii'li an* ri»latively unimportant from the practical point of view, 
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, while combinations of certain pairs of th<?8e viruses produce distinct symptoms. The 
varietal response to these viruses is not always a mosaic; some varieties are “ carriers, ** 
while others react to particular virus combinations {e.g. X & A) by top necrosis thereby 
giving the so-called ‘‘ intolerant ” or “ field immune ” varieties such as King Edward and 
Epicure. Naturally, varieties which are intolerant to individual viruses cannot show 
symptoms due to combinatiojis of viruses which occur in other varieties. It is im})Oi*tant 
from the agricultural and breeding points of view to realise that there are certain of this 
group of viruses, such as Y, to which there is no known vari<4al intoh^anco, while others, 
such as E, are found commonly only in particular varieties. 

The importance of (Top losses due to wastage in the clamj) and during storage was 
numtioned in the Committee’s report, and a summary of the causes responsible for these 
losses is given in Ref. 1(1. Acc^ording to this ac'count Blight is undoubtedly by far tin? most 
important direct caus<% and enormous losses may result by the inclusion of blighted tubers 
in the (‘lamp, due in iiKJst cases to tlu' lifting of the crop while the disease is still active on the 
haulms. Other fro(|uent causes (jf wastage are faulty clamping, which often h‘a(ls to clamp 
collapse because of rotting tubers : nuThanical damage during lifting : and Dry Rot 
infections. L(^ss fre(pmntlv wastage may be due to Pink Rc^t, Water Wound Rot, Bla<*k 
L(‘g, (k)mm(jn S(;ab, slugs, wirenvorms, ei^lworms, and tuber infections leading to tuber 
discolouration. In most cas(\s the various forms of fungal, ins(*ct or rruM hanical damage 
h^ad to break down (»f the tulxTs by soft rot, with (‘onseepK^nt overlu^ating and ('lamp 
collaf)se. 1'h(‘ obvious and most effi(‘acious precautions against such wastage' are the 
e.vclusion of blightcxl tubers from th(‘ cUirnj), the pr(‘V(‘nti()n of rain and frost damage b(*foro 
covering and of clamp damage' during th(‘ \^int(T, and th(‘ j)rev(‘ntion ol“ clamp ov('rh(*ating 
in tlu* spring. 

VTl. SUGAR BEKT. 

The use, of sh(*arcd or segmcntc'd sugar l)e(‘t seed has incr(*as('d considerably in the 
U.S.A. during the last l(*w y(‘ars, and there has Ixm'U wiih'spn^ad int(T(*st in this [)racti(a' in 
this (‘(Mintry. Segmi^ntcd seed sprang into jirominence in certain ar(‘as in Anunica largely 
b(‘(uiuse labour shortage made it lU'cessary to introduce as high a (h^gree of rncdiani- 
zation as possible into the handling of the (to]). The use of segmented seed is conccTiied 
with the })r()blcni of nujchanical thinning, and tin* main concern is th<‘ uniform (l(*[)osition 
ot tlu* seed at the proper rate under conditions suitablt' for (|uick ami ev(‘ii g(‘rmination 
so as to (‘iisure a full and evi'u ])Iant. A good sec'd b(‘d is (‘.Njx'cially important wh(*n using 
segin(*nted s(*ed because of tlu^ light.(*r seexi rates and the dependemci* on tlu* successful 
estafdishment of the individual jilarits, while shallow drilling and t lu* use of a rediabh* fungi- 
cidal seed dre.ssing an* also d(^sirable. 'J’h(\s(‘ precautions are, hovev(*r, larg(*ly wasted 
unless the drill is capable of (h^positing the s(^ed uniformly as re(piin*d, and con sidi Table/ 
(‘xpcTimentation is in progress in Ameri(xi for (hivising the most (‘fficieiit t,\'pe (jf drill 
(Ref. 17). 

There are certain problem^s in (‘onnection with the field germination behaviour of 
s(*gmcnt(Hl seed which need caredul examination (R(T. 18). (VTtain alxx'rations and 
abnormalities in g(Tmination may result from imperfectly s(^gment(*d s(‘(xl, or seed which 
has c5ome away from its “ cxirky ’’ covering, and these abnormalities apjxxir to lx* due 
largely to the seedling breaking away ])reniaturely from its surrounding tissue as tlic seed 
germinatc^s. The consequence of this is sometimes the prodiuiion of bent and twisted 
seedlings which make little or no progress to the soil’s surface and a resultant loss in initial 
plant establishment. In certain ceases seedlings from single seed units, whether segmented 
or not, may be unable to emerge through the soil as satisfactorily as those from whole seed 
with more t^an one germ, a condition which is particularly liable to oc(*ur from deep sowing 



8 


Crops and Plant Breeding. 


or the ])reHen( <‘ of a surface soil cTust. It is suggested by the authors of Ref. 18 that if a 
satisfautor^’ firo])|)t‘r drill was designed, whole seed, with 90 per cent, producing not more 
than two seedlings, could he distributed at two-inch sj^acing and give as satisfactory con- 
ditions for nieelianical thinning as does segmented seed. This work suggests, and there is 
support from invc stigstions in this (ountry, that the outer covering ('‘ (sortex ) of the so- 
called sc(h 1 jx rfonns an imjxH'tant furudion in germination, and that (‘onserpiently it may 
not be as easy to obtain satisfatdory seedling establishment under poor soil conditions with 
segmented sc'cd as w ith nliole seed. It is also worth recording tliat American experiments 
on the efff‘ct of treating sugar beet seed with synthetic growth substances have failed to show 
any bcuiefit to setxiling emergences vegetative growdh, sucrose content, purity or yield of 
roots (Ref. 19). 

VIII. MANCJOLDIS. 

The National Institute cjf Agricultural Botaiyy has published the results of three years’ 
trials with tiVVtMd> -eight selectcxl strains of mangolds, the strains having been selc'ctod from 
over fifty which iiad b(H*u under observation for three years (Rid. 29). Although the trials 
were not conducti^d to study thc^ relationshij) betwexm yield and soil type, manures and 
previous cropping, therc^ w^tne certain associations between yield and growing conditions 
whicdi arci worth noting. There w^as some suggestion that Black Aphis, and the leal* mosaic 
wdiich is tr.‘insjnittc‘d bv t his insect, are among the child obstachvs to high yields in the drier 
parts of t he coiailry, and then* was evidence that one strain appeared to show resistance 
to the disi‘asc‘. The data from the Institute’s sub-stations indiciatc^d also that c*(‘idain 
strains are l)ett-cr suit ixJ to some })arts of the country than others, and then* is considcTable 
8co])e for the r(‘gi(mal t(‘sting of the types available to the farmers. 

The real agi icultin al \alue ol* the mangold dejiends o\\ the yield of finxiing matter, the 
cost ol prodiu tion, and the* keeping quality of the roots. 'J’hese considerations are primarily 
dependent on the root type, and particularly on the dry matter content, total weight of roots 
and root ijonformat ion. In genei al it was found that the Golden Tankards as a class were 
low yielding botli as regards roots and dry mattiT : that Kirshe’s Ideal w\as outstanding in 
yield of dr v matU^r : that ciutain strains within the jiarticular root types wore superior to 
others in tliat type* . that small top strains yielded bidow the average in dry matter : that 
strauis with li^w lateral roots were ratlier easier to lift and much easier to clean ; that 
certain strains, notably the Golden Tankards, had better than average keeping (piality, 
although tlii'ri* w as not sufficient iwddeiice to relate k(»eping quality with percentage of dry 
mattiT or size of root 

The rejiort coni ludes by considering the reasons for the inferiority of the English 
strains in yield oi dry matter to the continential strain Kirshe’s Ideal. It is considered 
that the (‘arli(*r influence of the sugar bt'Cit on the c’ontinent centred attention on the 
yield of sugar in mangolds, while in this country interest was centred more on saving 
labour and th(‘ appi*aranc(‘ and conformation of the root. The result has been the develop- 
ment of small top strains with a satisfactory root shape and size, but, of an inferior dry 
matti^i’ contiait. In computing rations and planning the acreage devoted to mangolds, 
the main consideration, however, must be the yield of feeding matter per acre and the 
nutritive valu(‘ of the individual roots. 

IX. CEREALS. 

(ii) Wheat An interesting account of the baking quality of some home-grown varieties 
ol wheat and thi^ cffc <*t of growing conditions on this quality is given in Ref. 21. It was 
possibli' to jilai c the wheats in three groups according to their quality, the best ones being 
good for Eriglihii w heats but still below the average for commercial bakers* flour, and includ- 
ing such varieties as Extra Kolben II, Atle, Holdfast, Warden and Yeoman II. The 
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second group included wheats of average standard for English grown, while the third group 
gave flour of extrcnudy poor baking quality and coTnj)rised such varieties as Desprez 80, 
Scandia, Squarehead’s Master, Chevalier and Ironred. It should be mentioned, however, 
that the placing of some of the varieties was changed by the addition of “ improvers,” but 
the quality of others was unaffected by this treatment. 

A comparison of the grain characters and baking c|uality of tho varieties grown with 
normal and intensive manuring showed that some exhibited a slight increase in protein 
content due to intensive nuinuT'ing, while others exhibited a marked protein increase, but iiv 
all cases there was only a small change in the quality^ of the flour. On the otlier hand, 
there was a marked change in the grain ty])e of certain varieties when grown in the Fens, 
the grain being shrividled, thereby reducing the flour extract, while the flour itself 
was of a dingier colour. 

h. Oats, Eiglit years’ trials with eleven varitiies of oats, each grown for throe or 
more seasons, have given (;lear indications of th(‘ behaviour of those varieties under the 
comparatively high rainfall conditions of Bangor, North Wales (Ref. 22). Eagle and Onward 
were outstanding from the point of view of total yield of grain, although the latter vaiiety 
has a tu)nsiderably higher pc^rcentage of husk. Star and Record wore next in ordc^r of yield, 
with Star giving the bett(T (piality grain. For strength of .straw , which is of such importance 
under liigh rainfall conditions, j)articularly wher(‘ the crop is grown on ])l()ughed up grass, 
the best six varieties in order of merit w'ere S. 84, Early Miller, Eagle, Marvellous, Record 
and Star, linden* the conditions of these trials ihe time of ripening is of great significance 
because on the lowlands a f(‘W’ da\ s’ advantage in earlitu*ss may mean the differencjc between 
cutting a standing or a laid cro]), wdiile in the uplands it may determine success or failure in 
harvesting. The earliest varhdy in these trials was Pearly Miller, which was follow^ed by 
Marvellous, Royal Scot and Onward. Resistance, Eagl(‘ and S.84 wTre the latest maturing, 
but it should be memtioned that R(‘sistance is only .suited to very early spring so wrings. 

The Welsh Plant Brecnling Station have placed on the market a new^ variety of spring 
oat (Ref. 23), This variety, designated S.200, w’^as obtainc^d from th(' cross Victory X 
Radnonshire Sprig, and is suited to soils of average^ to below-average cro}>})ing (;apacity. 
The grain is black and usually has 28-28 per cent, of husk : the xmniele is of the ox>en type 
and the straw of medium length. S. 200 may be regarded as a variety of reliable crox)ping 
cai)acity, and on soils of moderate h'rtility it will give high grain yields of average (piality, 
and a good grain:. straws ratio. 

c. Barley. Maltsters and brewers are .showing considerable anxiedy (toncerning the 
combine harve.sting and farm drying of barley which is destined for tlu^ malting and brewdng 
industries (Ref. 24). There is a strong prejudice in the brewing and malting trade against 
farm dried barley, while the use of the Combine harvester for barley means that the croj) is 
handled quite differently from the methods used with the reaper and binder. For the mo.st 
part barley which has been combin(Kl is not field matured in the same way that barley w^hich 
is harvested with the nvaj^er and binder is, and owing to lack of storage facilities there is 
the cornxdication of a high })roi)ortion of the barley crop being marketed over a restricted 
period at the beginning of the season. Silos with drying x)lants have been erected in 
various parts of the country to try and cater for the quicker and earlier delivery of the 
farmers’ crops, but this means a possible blending of different crops showing individual 
malting characteristics, and also a t3q>e of drying and handling which is not suitable to the 
maltsters and brewers. 

These matters are of direct concern to the grower who is dex^endent on di.sposing of the 
bulk of his barley crox) to the maltster. Combine harvested barley should be handled with 
the requirements of the trade in view, and in particular farm drying of the grain should be 
done with the greatest care. Correct drying and storage of malting barley are vital, and if the 
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interests of home-grown barley are to be safe-guarded, the maltsters’ requirements must be 
studied. However, the wet harvest of 1944 showed that there was one advantage for 
combining. TIk^ barley that was standing in the field waiting for the combines was less 
damaged by th(* wc^atluT than if it had been cut and left out in the shock when, of course, 
it is more diffi(‘iilt for tiie ears to dry when the weatht^r affords the opportunity. Con- 
secpumtly, if combine barley is efficiently and adequat(^ly dried it may be marketed in 
c^onsid(*ra bl>' bolter condition than barley harvested w'ith a reaper and binder which is 
■expos(‘d to w(4 cojiditions in the shock, and possibly also to damage in th(^ stack before 
thatching (Ref. 25). 

In tlio farm drying of c‘ombine harvested grain, however, it is most important that the 
operator should (^h(‘ck tlie moisture ja^rctmtage of the grain. Barley grains with a high 
[)erc(*ntage ol‘ moisture are eAtn*mely sensitive to temperatures even a little above 100 ®F, 
blit as they becom(‘ dritu* th(\v can withstand considerably higher temperatures without 
damag(‘ to the germination (Ref. 26). When barley comes out of the drier witk 15-16 per 
cent. oi‘ more o( moistiire, it should immediately be re-dried because it- would be dangerous 
to put such grain into sacks. Efficient drying not only jireserves the grain from damage, 
but it also inqiroves th(' giTinination and overcomes dormancy. 

A n(‘W varic'ty of six-ro\\ barley has been bred by the Cambridge Ihiiversity Plant 
Bi 'Ceding institute and mark(‘t(‘d by tlie National Jnstituti^ of Agricultural Botany. This 
new variety, nanu'd Iheb'ct, is a winter barley obtained by hybridising Spratt-Archer with 
a six-rovv winter barley of (xcrnian origin. Prefect has the tyiiic^al procumbent habit of a 
vvint.<‘r barle\ , and the plant s an' small in the juvenile stage. The straw is tall and the lax 
ears an' boi ne in pi'udulous fashion. Prefect was not bred as a feeding liarley, but rather 
as a six-rovv typi^ a(*c(‘})tabl(* to maltsters and brewers ; th(‘/ grain is therefore bold, even in 
size and sha[)c, and of a good colour, but the husk is somewhat thinner and the grain rather 
]»lnm])er tlian is normally associati'd with six-row' barleys. It should be mentioned that the 
ear ty])(' is tyj)i{^al of tlui kind usually referred to by farmers as “ four-row ” barley 
(Bef. 27). ' 

X. NEW WEED KILLING CHEMICALS. 

More et’licient and easily handk'd chemicals for weed killing are urgentlv nee^dt'd in 
agriciiltun' and tlu* devtiopment of the. use of growtli substance.s for this purpose is of great 
ijit<Test and jiractical significane('. It has been known for some years that growth substances 
used in comparalivtdv low eoiUHUitrations can have a depressing effect on plant growth, or 
can (‘ven kill plants. ExpcrinuMits in recent years have shown that certain growth sub- 
staiK'C's when aj)])lied to oik' ])art of a young pkant, such as a loaf, can travel considerable 
distances in both uj) and down directions, and at certain concentrations can kill the plant 
(bet. 28). It was also noted that certain plants, particularly grasses, growing in treated 
soil, were diltcv(‘ntiaily affected, and th<‘ consequent deduction was that growth substances 
might be used as seleidivt' wrtvd killers. 

It. has now Ix'eii am[ily (?()nfirmed exjHTiimMitally tdiat certain gnmth substances arc 
(‘onsiclerably more active than oth<*rs as sck'ctivi^ w^iu'd killers, and that the germination 
and early seinllmg growth of such weeds as corn butteronj), goosefoot, spurroy, charlock 
and ]>oj>pY can be inhibited (Ref. 29). Furilu'rrnore, these growth substances can be used 
for wec'ds in cereal crops witliout affecting the (Top, and the wxx'ds can be killed at any stage 
Ironi the scx'dling to fIovv(*ring l)y sf)raying with solutions at- the rate of one pound of active 
prineij)le to the a(‘n‘, or at two ])ounds to the acre a])[)lied dry in a filler of china clay. 
AnotluT valuabk^ attribute of theses substances is that some of them persist in the soil for 
some time and arc. not n^adily leached out, but they ultimately lose their toxicity (Ref. 30). 

Although th(^ most active 8ubstane(>!s tested, such as sodium 4-chloro-2-raethyl-phen. 
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oxyacetate, are not corrosive, they appear to be equally effective as weed killers when 
absorbed through the root or the leaf, but they are more effecitive with certain weeds than 
with others (Ref. 31). In America similar compounds have been used to kill field bind- 
weed, and what is particularly significant, the subterranean parts of this weed were affected 
as well as the parts above ground (Ref. 32). It would appear that these growth substances 
have great potentialities as a means of chemi(jal weed control and further field tests must 
be awaited with great interest. Experiments in this country have shown great promise for 
the destruction of perennial weeds in this manner (Ref. 31) and the phenoxyacctic acid 
derivatives are exceptional in that they alone are ])rornising in this respect. There are 
indications that the spraying of grassland with 4-chloro-2-methyl-phenoxYacctic acid at 
concentrations which do not kill white clover, can destroy buttercup species, horsetails and 
partially suppress creeping thistle. Other w^oc^ds, su(;h as docks, stinging nettles and 
bracken a 2 )pear to be resistant at the concentrations which have affected or killed the 
species mentioned above. 

G. 1). H. BKLL. 


School of A(}iu( cltuhk, 
('amhutpof. 
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DISEASES OF ANIMALS— PREVENTION AND 

TREATMENT 

Bovine Mastitis. Much has been written on bovine mastitis : it is recognised as of major 
importance in agricultural economy. There is general agreement that the disease is 
associated with the presence of certain micro-organisms in the udder and, further, that these 
micro-organisms may be found in the milk without there being any evidence of mastitis. 
In this and most other countries one of the important micro-organisms is the Streptoccoens 
agalactiae which is found in the udders of many cows and is believed to be responsible for the 
majority of the outbniaks of mastitis. Most of the research work on mastitis and its control 
has beem concerned with this streptococems : it is found in association with both chronic 
and acute types of the disease. Good descrijitions of these tyx^es are given by Roach (Ref. 1 ) . 
The chronic dis(»ase may bo present in milking cows over a period of years. The severity of the 
symptoms varies considerably : thus, the milk may be normal in ax)X)earance, except that at 
times the first few" draws may consist of flak<?s or curds.” Symptoms ma}^ however, 
become itiore definite following a variety of factors, siu*h as cold draughts, a sharp drop in 
atmosi)heric temperature [e.g., sudden frosts), a sudden change in diet or in milking routine 
etc. As a rule there is no systemic disturbance. It has been found that in some cows the 
affected quarters are difficult to dry off. Although it is usually held that chronic mastitis 
is of economic importance there is much evidence that some affected cows continue to give 
high milk yields. It is important to ])oint out, liowevt^r, that the chronically affected (jow 
may develop acut^c mastitis when severe loss in milk yield ma> occur together with the 
possibility of a total loss of the affected quarter. The chronic disease is also of importance 
because of the risk of the sj^read of infection to healthy cattle. The acute type of mastitis 
due to this micro-organism is probably the most important of all affections of the udder : 
it is responsible for many of the blind and shrunken quarters and for mu(;h financial loss 
in terms of milk. The s}?mx)t-oms develop rapidly — the udder may apjjear quite normal in 
the evening but lu^xt morning the cow may be acutely affected : furthermore, it is not un- 
common to find that the acute disease develops suddenly from tlu^ ch ionic form. This 
acute disease is almost exclusively confined to cows as oj)})osed to heifers and maj. occur 
at any stage of lactation although acute attacks are conq aratively rare in the later stages 
of pregnancy. There are several characteristic findings : although the hardness of the 
affected quarter varies from cow to cow and in some it remains comparatively soft, the 
skin of the udder over the affected quarter usually remains soft and mobile. As a rule there 
is little evidence of pain ; nor is there marked systemic disturbance in sj)ite of severe local 
symptoms in the udder. Sometimes death occurs. The milk from an affected quarter 
varies in character : a constant feature, however, is the presence of white or cream-coloured 
flakes in a cloudy fluid which varies in colour from clear yellow to dark. It is found that if 
affected quarters are not treated within a month of the occurrence of symptoms the milking 
tissue is destroyed and the result is a blind quarter. 

Some interesting and important observations on mastitis due to Streptococcus agalactiae 
were made by a group of woikers in this country : the work was co-ordinated by the 
Agricultural .Research Council (Ref. 2). This work showed the high incidence of the presence 
of this micro-organism in the herds which were under observation : the findings were ‘‘ when 
cattle in the nine dairy herds were samj)led at approximately weekly intervals over periods 
varying from to 6 months, the proportion of cow"s in these herds which, at one time or 
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another during the period of observation, yieldc'd Sir. agaUctiae in the milli varied from 35.6 
per cent, to 100 j)er cent. Tlu^ proi)ortion of cows that, at one time or another during the 
period of obsc^rvation shovv(Hl t he piesenee of Sir. agalactiae on the exterior of the teats 
varied from 45.7 i)er cent, to 100 i)er cent.” Tt was also found that the micro-organism was 
reeov<Ted from the cxttTioi of the teats without then^ being any infection of the interior 
of the udder or of the t('at earial and that, especially when there were sores and abrasions 
on tiie teats, the micro-organism was often found in laige numbers on the apparently 
healthy skin of tlie t (‘af s. Sir. agalacfiae was often found on the hands of milkers, sometimes 
long after milking had beam carried out; it was also recovered from objects in the cowshed 
which milkers ven‘ likely to touch. From the results of such work it is easy to understand 
hr)w infected cows an^ a great source of danger in the spread of the infec^tion and how, if this 
sourru' of infect ion could \ni eliminated, the disease could rapidly be brought under control. 
Attemf)ts havt‘ Ixvn made to discover the cows in herds which are carrying ^he infection. 
The above' rc])ort sums up the experiences of this method as follows : — “ Under exceptionally 
favourabl(‘ conditions, and with j)romj)t (elimination of all infected animals Sir. agalacfiae 
may som('tim(‘s be (eradicated from a herd and its re-entry pr(*vented lor a ])eriod of several 
y(*ars ; but failures and bn*akdowns are common, and a reduction in the freqiiency of the 
(iis(>as(' is mor-(‘ often attained than its elimination. Such methods are t(X) slow, too 
unc('rtain, and loo costly to offer a reasonable hope of freeing any large pro])ortion of our 
dairy h(‘rds from Sir. agalacfiae inh'ction.” 

If is somewhat difficult to give an agnx'd picture of the treatment (.)f infracted ()ow\s 
which may b(‘ ado|)l(xl with good cham^es of success. Many ])ublications have recently 
apja^ared on th(‘ subje ct * wv are- now awaiting the ix'sults of further wwk. Tt seems clear 
that drugs of th(‘ sulphonarnid(' seric's ai‘(‘ valuable wdiether givcm by month or by injection 
into the uddiT the t(‘ats. For example, lioach (R.(‘f. 3) has come to the (‘onclusiori that 
wc ar(‘ not U‘t in a position to promise more than a clinical response to such treatment. His 
view is that tluac' must b<‘ a chang(‘d outlook so that we concentrate on [irevcuition measures. 
In this connection in the aliov^e report (K(*f. 2) it is suggestc'd t-hat if some antiseptic tech- 
ni({ue, combinc'd with a mo(lifi(Hl milking procedure, could be devisexl, the risks of carrying 
infection from cow' to cow^ w^ould be greatly reduced ; and th(^ use o^sorne cheiinotherapeutic 
ag(‘nt whi(*h w^ould give a high jirojiortion of ba(?tcriological as well as clinical cures might 
go tar m eliminating infection instead (jf meixdy controlling it. Work on these lines is being 
pursiK'd now^ If. is well known that the suljihonamide drugs ajipear to be succ-(^ssful in some 
lu'rds and not in oth('rs. Roach and Hignett (Ref. 4) refer to this subject. They confirm 
the observations of many other workers that suljihanilamide treatments are often of value 
in effect ing a clinical res})ons(‘ but- do not bring about a bacterioh^gical cure of the udder. 
Th(\v also found that tin re is a diffenmet^ in th(; n'sponse of different breeds : thus, (/hannel 
Island brt'cds usually r(^s])ond wcdl, wdiile Ayrshires and Friesians ros]>ond less well, with 
Shorthorns occufning an interm(Hliatc jiosition. They also draw attention to differences 
in strains of t in" infecting Sir. agalacfiae and in their n"spo rise to sulphonarnidcj drugs, although 
tin" diffeiH'iit strains a]>parently behave similarly in the different herds. Such findings 
ac(?ount in some nn^asurc* for the sitc<*ess of a drug lik(» sulphanilamide in a farm while it is 
of little value in auot.h(T farm situated only a short distance away. 

Tn addition to Stf. agalactiae other micro-organisms are known to be associated with 
mastitis in (*at4lc" : thus, we have other tj^pes of streptococci. Sir. dysgalactia^, Sir. uberis, 
sta])h\'lococ('i and (\jrj/nef>a>cteriv7n pyogenes (found largely in outbreaks of summer mastitis). 
An important differemce in the control of mastitis associated with these micro-organisms 
from that due to Sir. agalacfiae concerns their habitat. Wc have referred to the finding 
of Sti. agalacfiae in th(^ udder and on the skin of the teats and udder and in various 
sites outsidt" the body (see Ref. 2), and it is stated that “ on the evidence as it stands, it is a 
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reasonable working hypothesis that the main reservoir of Str. agalacMae is in, or on the bovine 
udder, and that, if infection from this source could be eliminated, mastitis due to this particu- 
lar organism might be effectively controlled.” On the other hand Francis (RtC 5) has shown 
the presence of various organisms in the tonsils and vaginae of cows but not Str. agakicUae, 
and in discussing the control of mastitis, Francis and Steward (Ref. 6) point out that the 
various streptococci (except Str. agala^ctiae), stai)hylocoeci and C. pyogemes are normal 
inhabitants of the bovine tonsil and vagina and thus it may be impossible completely to 
eliminate outbreaks of mastitis due to these micro-organisms. An interesting (example 
of such an outbreak, in sjhte of the elimination of Str. agalactiae from a lierd, is given by 
Neave, Sloan and Mattick (R(^f. 7). A herd under control for some years was freed from 
Str. agalactiae infection ; that is to say, none of these organisms had been n^covered from the 
milk or teats of any of the c(ows, nor from the hands or throats of the milkers, since 1942. 
In 1943 a severe outbreak of mastitis occurred in the h(‘rd : 20 cow's develo])ed clinical 
symptoms characteiised by lameness, swelling and liardness of the udder with altered milk 
in twelve, (consisting of viscid (dots in a coffee -colon rod fluid. It was found that the in- 
fecting mi(To-organism was Str. uberis. It was known that this micro-organism w^as 
})resent in some of the animals in 1942, for in that year it had given rise to at h‘ast one clinical 
case of mastitis in the herd. Tt was concluded by these workers tliat this micro-organism, 
[jr('sent in the udder of some ot the cows had given rise to mastitis because of the action of 
th(? [>artial vacuum in tlu' milking machine, which when t(\sted, was femnd to b(' 19i inches 
although the gauge w'as registcTing 15 imdms. Reference has already been made in this 
journal (Red. 8) to the milking machim^ as a factor in the causation of mastitis. The above 
authors suggest the fitting of two gaug<xs for all milking machines and the certification of 
gangers. 

The diagnosis of mastitis due to the various micTo-organisms is not always easy, 
esj)(*cially those typ(‘s of tht^ disease associated with the preseiu'c of different streptococci. 
Some success, however, has been re[)orted from actual handling of the udder (R(T. 9). 

From what has betMi written above it is obvious that, until tlio results of further 
work becom(‘ availabks th(‘ control of mastitis, especially that associative! witli Str. 
agalactiae should consist in the j)rev(mtion of sjiread of the infeidioii from (vow' to cow\ 
A'arious measures can be adopttvd by farmers in effecting such a method of control. In this 
nvspect tluv following recommendations of Gould (Ref. 10) are noteworthy : — <‘arly detection 
of sub-(vlinical and clinical cases ; prompt diagnosis of the tyjje and tlie a])plieatioii of 
a])propiiate trivatments ; the cleansing and drying (d‘ teats with a hypochlorite solution 
after milking ; the use of a sterile cloth for not more than ten cows ; promi)t treatment of 
chapped teats : and i^uiet handling of cows and milking at regular times. 

Brucellosis ( (Jontagi ous A bortion ) . 

In this country efforts are being directed to the control of brucellosis by vaccination. 
While there are other methods for controlling the spread of this infi'ctious disease*, e.g., the 
regular application of the agglutination (blood) test and the adoi)tion of measures against 
the introduction of infection into herds free from the infection, it has become obvious that the 
setting up of an immunity by the use of a living vaccine is the method of choice in the great 
majority of herds. While vaccination has been practised in this country for a numlx^r of 
years it is only within quite recent times that special types of vaccine have been used. 
Experiences (especially in America) have shown that a high degree of immunity to natural 
infection follows the subcutaneous injection of a vaccine consisting of a suspension of Br. 
abortus organisms (the cause of brucellosis) which although living have been so altered in 
virulence that they are no longer capable of setting up infection in the injected animal. The 
vaccine now commonly used for this purpose in tWs and other countries is prepared from a 
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strain of Br. abortus, isolated by two American workers — the well-known Strain 19. It is only 
within the past few years that this vaccine has been used in this country. There is as yet little 
published information on the results of its use in this country : the results of observations 
in other (jountries, however, are gradually accumulating in the literature. An important 
paper was pubiish(‘d in this country by Crawford (Ref. 1 1) in which experiences in America 
are discussed. 8onie points from this article may be found of interest to agiiculturists 
and others in this (jountry. It was between 1928 and 1933 that the first experiments were 
made in America with vaccine prepared from Strain 19 culture. Seventy calves, 4 to 8 
months old, each received a dose of the vaccine and together with 73 non- vaccinated animals 
of similar ages were exposed to natural infection during their first pregnancy. The result 
was that of the 70 vaccinated calves (now heifers) 63 calved normally — only one aborted, 
while of the 73 non-vaccinated animals only 18 had normal calves — 51 aborted. The 
Riireau of Animal Industry then began a five-year field trial in 260 herds heavily infected 
with brucellosis in which all the heifer calves were vaccinated when 4 to 8 mori.;hs old : the 
infected adult cattle w^ere allowed to remain in the lu'^rds in order to provide sources of 
infection. Th(^ results arc*, described as follows : — Of 8,182 pregnancies in cows vaccinated 
as calves during the first 4J years of these trials 96.2 ])t*r itcnt w ere normal and 3.8 per cent. 
rc*siilted in abortion. 01 the lattcu’, 58.7 per cent, wctc in (tows n(*gative to the blood test, 
which r(*duccd the jjcrcentage of abortions due to Bang's disease,* to 1.6 per ctiiit.” The 
trials w<*rc carried on for a further tw^o years at the end of wliich it was shown that the total 
incidence of abortion in the animals vaccinated as calves oven* all the ])eriod was 1 .1 j)er cent. 
The calfhood method of vaccination for the control of abortion was officially a})proved in 
America in 1940 : the various published results w'hi(h have a])peared in the literature from 
that time continue to give (niden(*c that, in America, calfhood vaccijuition yields satisfactory 
results in the control of brucellosis. We have no jmblished evidcnice of the results in this 
country ; suffici(*nt time has not yet elapsed since tlu^ introduction of calfhood vaccination 
to enable an estimate of the (‘ffic.acy of the method to be made*. By anoth(3r year it should 
be possible to make some statenumt. It is important to note that Crawford points out 
that, v'hik* no apparent change has occurred in the virulence of the culture and that there is 
no evidence of the transferencic of infection due to the use of the vaccine, in ordt^r to main- 
tain the va(a*ine in its satisfactory state the cultures from which ‘it is produced must be 
prop(*r]y liandled. This is the task of the laboratories at w hich the vaccine is j)repared. 

Ref(*rence is also made to the vaccination of adult animals. The following ({notations 
from Crawford’s article sum up the pi^sition in America : All evidencje that has 

accrued from the vaccination of adult cattle indicates that the increased resistance resulting 
therefrom is ecpial, at- least, to tliat produced in calves. Many practitioners use ‘‘ whole- 
h(*rd ” vacrination as th<*ir sole method of controlling abortion and are satisfied with the 
results ’ ; arid “ From experinmntal evidence, adult vaccination in the U.S. appears to 
have its chief a{)i)lication in early infection in {)ure-bred herds where valuable blood lines are 
involved. Wluw abortions have been occurring for a ^^ear or mere this practice has not 
stopfx*d the abortions immediat(dy, although it undoubtedly prevented the spread of in- 
l(*(*tion to many of the non-inf(*cted animals, especially the recently bred and non-bred 
heiters. While it is not advised that j)regnant animals should be vaccinated (and this also 
ajjplics in this countr}*) Oawford says “ it is believed that the number of pregnant cows in 
a ht'rd that abort as the result of vaccination is no more and })robably less than would con- 
tract the dist'ase and aboit if they were not vaccinat(*d, and that a vaccinal abortion is much 
less undesirable than an abortion resulting from natural exposure.’^ He points out that 
Br, abortus, .strain 19, disap})ears from the genital tract and udder before the succjeeding 
pregnancy, while the cow aborting from virulent Brucella is a potential spreader for an 
indelinite })eriod. It has been shown that when abortion occurs in cows vaccinated during 
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pregnancy it is usually in animals vaccinated from the fifth month onwards and, further, 
that such abortions are more apt to occur in herds in which the animals are negative to the 
agglutination test. From this and other evidence there is little doubt that vaccination of 
adult cattle with strain 19 vaccine gives beneficial results in suitable licrds. Further 
evidence is given by the observation of other workers in America. There is, for example,, 
the view of Haiing and Traum (Ref. 12) that Adult vaccination need be practised only 
during one breeding season, since it can later be limited to calfhood vaccination unless a 
programme of revaccinatioii be instituted.’’ Further, the Sub-Committee on Brucellosis 
of the American Veterinary Medical Association (Ref. 15) wishes to emphasize that “ adult 
vacjcination should be considered only as an expedient to tide over difficult situations in 
particular herds, especially at times when it is essential to maintain })roduction of meat 
and milk. According to such published and unpublished data as arc available, the use of 
adult vaccination may bring about a decreased incidence of brucellosis in heavily infected 
problem herds. In such herds it should be used but on(;t — and then should be followed by 
a programme of calfhood vaccination.” 

A question which is often asked is the duration of immunity following the injection of 
a dose of vaccine prt^parcid from strain 19. There is, as y(‘t, no definite answer so far as work 
in this country is concerned. We (;an, however, obtain some information on the subject 
from the literature. Oawford (Ref. 11) admits that the duration has not yet been definitely 
established in Ameiicia. He says, however, that recent icsults indicate that wht^re break- 
dowuis occur it is in the older animals wduc^h have bwn vaccinated somt^ years. A significant 
(piotation from his article is : — “ the fact that in th(‘ field trials, whcTt? infected exposure 
animals were }>resent, the immunity was not apparently de^creased in six yi^ars, in com- 
parison with the breaks in old vaccinated but negatives heids, would indicate the ne(‘essity 
of re vaccination at some definite period subsequent to the initial vaccination.” Gilvray 
and (dover (Ref. 13) report from Canada observations on 17,500 calves in 1,475 herds 
va(;(’inated with vaccine prepared from strain 19 culture. It would aj)pear from their 
rt'sults that vaccination of calves has ])roved of value in building up resistance against natural 
infection d\iring the first, pregnancy and to a h^sser extent during subse(|uent pregnancies. 
They think that in order to [)rovide further resistance against infection heifers should be 
re- vaccinated after tluir first ])eriod of gestation. Judging from the general principles of 
immunity it is to be expected that the resistance set up by a single dose of vaccine, even 
com])osed of living micro-organisms will tend to wane in time. Further stimulation is 
necessary to k('ep resistance at a certain level. This can b(‘ obtained c»ither by exposure 
to natural infection w’hich, if not sufficiently virulent to overcome the r(‘sistance engendered 
by the vaccines, will raise the resistance considerably ; or b}^ the injection of a f urther dose of 
vaccine at the appropriate time. It will be obvious, therefore, that, generally speaking, 
whether revaccination is necessary dei)ends to a large extcuit upon wdiotluT there is ex])osure 
of vaccinated animals to natural infection. In herds in w^hich revaccination may be. necessary 
experiments are required to fix the time w^hen a second dose should be given. 

An objection sometimes raised to the use of vaccine prepared from strain 19 is the 
production of agglutinins by the injected animals with tlie result that they react positively 
to the agglutination test. It has been showui and often recorded that one advantage in 
vaccinating calves is that a large proportion of them become negative or almost negative 
reactors by the time they have reached breeding age. A statement on this subject is found 
in Ref. 12 to the effect that 60 per cent, of animals vaccinated up to 16 months of age were 
negative after two years and after five years the incidence had risen to between 90 and 100- 
per cent. Some of the American w^orkers, however, take a view similar to that sometimes 
expressed in this country — viz. “ the average herd owner is interested primarily in securing 
a normal calf crop (not blood negative tests) : the persistence of blood titre is secondary 
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in interest.” While this view applies to a large proportion of the breeders of livestock in 
this country, there are others whose interests lie in having cattle which do not react to the 
agglutination test. It is obvious from the present state of our knowledge that using vaccine 
prepared from strain 19, must, in their case, be confined to calfhood vaccination, w^hen it is 
to be (‘X])eckKl that as the vaccinated calves reach maturity they will, largely, have ctmsed 
to positive redactors : the vaccination of heifers a})})roachiug maturity will mean that 
probably for a considerable time, often some years, positive reactors to the agglutination 
t(;st will be found. „ 

C'rawford (Hcf. 11) r(‘lers to another method of vaccination. The usual method is to 
inject the vac(‘ine subcutaneously (i'e. under the skin) : the new method referrt^d to is the 
ijijection of the vaccine intradermally (/.c., itdo the skin). While more work is required on 
this nu‘thod it is claimed t hat the results obtained up to date' luive been satisfactory. The 
advantages of such a method, in addition to a smaller dose of the vaccine being required, 
are said to be that tiie agglutination titre which is found to follow the injectic . of vaccine 
prej)ar(^d from strain 19 disappears in young animals more' quickly following intradermal 
than subcutam'ous injection (although it does not seem to hold for older animals) and that 
tlu'rc is no systemic disturbaruic with temj>orary lowering of milk yield in injected lactating 
animals. 

Tollouing th(‘ vaccinating of adult cattle by the sulamtaneous method as now practised 
then^ occurs in some a systemic^ disturbance or reaction : in some animals it may be more 
severe than in others and in lactating cattle there is sometimes a drop in milk yield. WT) 
hav^e now some pi‘ecis(; information on this subject for Holman and McDiarmid (Ref. 14) 
carried out some', observations. They found that the daily milk yi(‘lds of six cows inoculated 
with strain 19 vacnniu^ and eight cows with tw^o doses of 45^20 (at an interval of three wrecks) 
<!om pared with lo control cows sliowed an averagr^ loss in milk following vaccination of 24 lb. 
per cow with an individual loss varying from 0.3 to 80 lb. They found, further, that tht^ loss 
w^as most irronuuiu ed from two to four days following vaccination and that it w^as negligible 
aftcT nine days. 

In the tr*a.nsmissiou of iidection the infected cow is the important subject. It is woll 
known that the abortr^d foetus, afterbirth and discluirges are highly infective and that 
infec.t(»d cows and heifers ar(‘ (‘apable of excreting infection so long as discharges persist : 
furtiier, it is well known that iul<i(*ted cows and ludfers excrete the causal mi(;ro-organisms 
at parturition even although tlu‘ calf is full term, 0])inions differ on the part played by tlie 
bull in spreading irdection. Souk* r(‘cent information (ornes from Denmark (Ref. 15) from 
whicih it would a])pt‘ar that tlu; bull may j)biy but little j)art. The experiments included 
the us(‘ of four bulls which w<'re known to be excreting Br. abortus in their semen : they 
serviHl 27 clean ludfers of which 19 calved normally, the remaining eight failed to conceive— 
none aborttnl nor wen*, any found to be infected. In a second experiment three bulls w^re 
used to s(*rve 22 normal heifci*s iramiidiatedy after serving cows which had recently aborted 
and w(*re disci arging Br. tfhorins. None of the heifers aborted : 14 calved normally and 
eight failed to conceive. It is (‘oncluded from these observations that “ these experiments 
furth(*r invalidate tin* view that cofiulation is of significance in the s})rcad of infectious 
abortion in cattle.” 

Diseases nf Poultry As the general food position for livestock improves there will be an 
increase in the numlxTs of j)oultry ki*pt throughout the country : there are already signs of 
this increase. It is becoming moT-e generally held that poultry should be one of the activities 
of geiK'ral farming ; tlujre is much to bo said for this view'. With the increase in poultry it 
is certain that disease will become more prevalent unless control measures are adopted. 
It is true that for some disease.^ we have still to discover satisfactory methods of prevention 
and in'at rnent : but results ol research work are gradually being applied and are proving 
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satisfactory in the field. Recently, some quite important pieces of research work have 
been carried out : an account of some of them should prove of interest to agriculturists. 
This work has included the study of new methods of controlling some of the well-known 
diseases as well as investigation into apparently new diseases which have made their appear- 
ance in this country. 

C hccidiosis, Ooccidiosis is widespread and in seasons suitable for the development of the 
causal agent outside the body it is probably the gn^atest single cause of loss among growing 
young stock. It is known that several forms of the disease exist, caused by different strains 
of coccidia : probably the strain whi(*h iideets young iitock is the most important from an 
economic point of view. It is the Kimesia tenelJa and causes acute inflammation of the 
chick’s intestine, especially the caeca : marked haemorrhage of the caeca is a feature of the 
infection. Th(‘ lift^-histoiy of the parasite has been worked out : it is known, for example, 
that part of the cycle has to be spent outside the body when important changes occur 
rencl(u*ing the parasite infective' to chicks. The tinu^ required for these changes to occur 
de])ends largely on climatic conditions, c.g., ternp(Tatur(% moisture, etc., but even under 
the most favourable conditions thc'y ar(‘ not conijdeted for at least 30 hoiirs after the parasite 
has l('ft the fowl’s body in the ciropjungs. Co(‘,cidia (;an, however, survive outside the body 
for ver\^ long periods and can quickly undeigo the lU'cessarv changes to render them in- 
fective for fowls when the suitable ('onditions arise. Advantage was tak(Ui of this period 
uhi(‘h th(‘ coccidia have to spend outside the body in controlling infection. I’he method 
consist(‘d in prev^tmting access to thc^ ]>arasit<' in its infective stage eitluT by moving young 
chicks to now ground every day or so or by keeping tluun on wire, so that tluy had no 
access to droj)pings containing the ])arasite,or by cleaning out the premises regularly every 
day or (‘very other day and so removing the parasites voided by the (diic'ks before they 
attained the infective stage* of d(‘veloj)nient. It has now been shown that the disease can 
be controlled by thi* use of one of the drugs of tlu* sul[)honamide series, viz., sulphamethazine. 
In 11142 Horton-Hrnith and ''Faylor (Ref. 17) sh(»wed that pure sulphamethazine given in th(* 
food at the rate of 1 — 2 per cent, prevented deaths from coccidiosis in experimentally 
infected chicks. They found, howiwer, that the good results were not obtained when 
treatment was delayed until 72 ^ 9() hours after the* infection occurred. In the sanu*, series 
of experiments it was shown that equally good results followed the use of a saturatcKl 
solufion of the drug. In 1943 (Ref. 18), the same authors found that by substituting for 
drinking water a saturated solution o f sulphamethazine, at the time of the first apfiearance 
of symptoms of the disease in experimentally infected chicks, the mortality was reduced by 
45 ])er cent. Results of further observations have just been reported (Ref. 19). The same 
workc^rs have* found that the “ administration of sulphamethazine in tin* drinking water was 
eff(*ctive in the control of induced c})id(unics of caecal coccidiosis. In three experinumts the 
rate of mortality among treated chicks was reduced by 50 —78 per cent, of that among the 
untreated, control chicks.” They also found, and this is of great simiificaiuje, that there was 
developed a strong immunity to coccidiosis in chicks which as a result of sul])hamethazine 
treatment had survived a previous outbreak. This means that with snl])hamethazine 
treatment not only can the spread of caecal coccidiosis be prevented during an outbreak 
but chicks treated during an outbreak fail to develop the disease when exposed at a later date. 
iSulphamethazine hais also been used in America (Ref. 20) when it was found that, when 
treatment in the form of substitution of a saturated solution of the drug for drinking water 
was commenced 98 hours after the first disease symptoms were observed, although some 
symptoms I'nntinued for 5 — ^6 daj^s, the chicks thereafter showed greatly increased vigour 
and grew well. 

Six-day Chick Disease. In 1944 attention was drawn from several sources to the high 
death-rate in young chicks which commenced at about the sixth day after hatching and 
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oeaKed a few days later. Examinations carried out at various laboratories failed to establish 
the presence of an infection. Speculations as to the cause varied but eventually the under- 
lying cause was narrowed down to something nutritional in character. Experiments and 
field observations carried out by Temperton and Bythell (Ref. 21) led these workers to the 
conclusion that tlu* cause was a deficiency of available energy in the chick mashes being 
used. They ludd the view that there were several contributory factors which were collec- 
tively res])ousible, e.g,, lack of whole grains and maize products, a deterioration in the 
composition of the Nitrogen-free extractives of millers’ offals and the inferior quality of 
other cereal products which were permitted to be sold for poultry feeding. 

A different view was expressed by Taylor (Ref. 22) : Ik* attributed th(i deaths to the in- 
clusion of extracted palm kernel meals in excess of 10 per cent, by weight. He suggested 
that the solvent used in the extraction process left some toxic residue in the meal which 
caused t he death of the chicks. This view could not be upheld by the above v^orkers (Ref. 
21 ) ; they did not find any toxicity in the samples of meal which they examined and which 
had b(;en associated with the death of chicks. They do state however that a large quantity 
of palm kernel residues is undesirable in chick mashes for they are unpalatable and provide 
inadequate m(*tabolisa})le eiKTgy. Wilson (R(‘f. 23) also failed to show" that such products 
were toxic, for young chicks. Observations carried out by Asplin, Dobson, Gordon and 
Blaxland (Ref. 24) led them to recommend the supplementing of the chick mashes available 
to poultry ke(*f)ers with grain : th(*y reported good results from such f(*(^ding. Th(\y also 
stat(*, ho weaver, that it seems likely that a fall in t(imporature which occurs during the 
autumn nights in certain types of brooders is sufficient to reduce the viability of chicks and 
to stimulate the onset of losses which would not otherwise have occiUTod.” Although 
attention was drawn to this dis(‘ase only in 1944, McGaughey (Ref. 25) records its ju’csencc in 
Cheshire in 1932-193(). Ho carried out some experimental work and was abU* to r(*])roduce 
the condition by feeding intestinal contents of diseased chicks to healthy day-old chicks 
and by placing healthy chicks in contact with contaminated or diseased chicks. He also 
succeeded in isolating a strain of the micro-organism, Clostridium welchii^ from the intestine 
of diseased chicks : by feeding this strain he w^as able to reproduce the disease. He ex- 
pressed th<i view that dietetic errors may give rise to an alteration in the bacterial flora 
of the intestine with fatal results. Taking all the evidence into account it would appear that 
the ty})c of food contain(‘d in the mashes fed to young chicks during some of the war years 
w"as [)robably res[)onsiblc in that, although its composition from an analytical point of view 
aj)j)eared satisfactory, it was deficient in available energy. The result was that in some 
instanc(‘s chicks were unable to survive even wdieu kept under ideal brooding conditions : 
when exj)osed to bad brooding conditions which could be tolerated by (diicks fed adequate 
diets as prevailed befon^ the war, chicks fed on war-time mashes were unable to survive. 
As the lood position improves and maize and whole grain again become available for 
chiciks, six-day disease is likely to disap])ear. It is well, however, to be aware of its occur- 
1 ence uiuler the above (ionditions of feeding and management. 

Salmonella Infections. Poultiy- arc apparently highly susceptible to infection with 
micro-organisms of the Salmonella group. The most commonly found diseases caused by 
such nucro-organisms are piillorum disease (bacillary white diarrhoea) caused by S, pullorum 
and fowd typhoid, caused by S. gallinaruni. These diseases 'are well known and satisfactory 
methods oi control are being practised. As a matter of interest concerning the spread of 
pullorum disease it has been shown by a Canadian worker (Ref. 26) that flies can carry the 
inieedivo agent on their wiug^ and feet and that flies fed on material containing S. pullorum 
exci et(* the mi(To-organisni for 5 days from their intestinal tract. It has also been known 
for some* years that other members of the Salmonella group were capable of setting up 
disease in young birds, bedh chicks and ducklings. An account of losses in ducklings 
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caused by the micro-organisms S, enteritidis and S, typhi-murium, recorded by Gordon and 
Garside (Ref. 27) shows the damage which can be caused by them. They discuss an out- 
break in which 57,000 ducklings were involved : losses at the rate of 1,000 por day occurred 
and in all some 30 per cent, of the ducklings died. Infection with these micro-organisms 
differs from that (caused by 8. pullorum in that there is no good evidence that the infection 
is passed tlirough the egg from adult to chick. They differ, further, because, while the 
agglutination test (tube or rapid slide methods) is valuable in diagnosing carriers oi8. pullorum. 
inlection among adult fowls and is thus used in the control of pullorum disease, this test 
cannot be relied upon to detect fowls or ducks infected with the above-named members of 
the Salmoiicdla grouj). It has been recently shown that still other members of the group 
give rise to disease and losses in chicks. Jnve^stigations in America and in this country have 
shown that many members of the group can be recovered from diseased chicks and that adult 
fowls also harbour them, although irresenting no symptoms of disease. Thus, Wilson (Ref. 
23) records that infection of young chicks with the mi(TO-organism 8, thompson occurs quite 
frequrmtly : he also points out that rats and mice are commonly found to carry salmon- 
ella infection and recommends that jrrecautions should Ix^ taken to prevent th(i aiicess of 
such vermin to feeding stuffs. Again, Gordon (Ref. 28) j ofers to the increase in infection in 
this country due to new strains of salmonella. H(‘ points out that theses micro-organisms 
ar(‘ found in adult fowls and are excreted in the dropj)ings. (Vmtamination of th(^ shells of 
(‘ggs laid by such fowls is therefore (piite common and thus incubators may become infected 
and giv(‘ rise to outbreaks among young chicks hat(*hed in tlumi. fTntil the results of further 
rc'seareh w'ork arc available the control of these salmon<‘lla inf(‘(‘tions must be concerned with 
hygiene of incubators, preventing contarnimation ol foodstuffs from likedy sources of in- 
h'ction and the rearing of young chicks under conditions whereby they will not have contact 
with adult stoc^k. 

Pvllel There has been d(‘scrib(Ml in America dining the ])ast few^ years a new 

dis(‘ase, mainl}^ among ])ullets, w hich has be(‘n given diftercuit names by the various observers. 
The occurrence of a similar disease in this country has been observed by Gordon and Blax- 
land (Ref. 29). They record 20 outbreaks during 1943 and 1944. tIic condition affeijts 
mostly fowis in lay or tliosi^ just commencing production, although a few' affected cockerels 
have a])parently been observ(‘d. The mortality is usually low^ but the dis(‘ase is serious in 
that there is a very marked dro]) in egg yield ; })roduction may (uitirely cease. The out- 
standing synqitoms are “ blue comb,'’ distended cro[) and the decreases in egg production. 
The. characteristic post-morfcm findings an* nephritis (iriflammation of the kidiu^ys), vis- 
ceral gout (the de])osition of gre\^ coloured urates on the internal organs) and degeneration 
of the ovary. As yet w^e have no real clue as to the cause : it has not been found [lossible to 
transmit the disease under experimental conditions and noinfectivi^ agtuit has been recovered. 
There is some sugge^stion that the origin of the condition may be nutritional. 

Foivl Paralysis, It has now been fairly conclusively shown that the dis(*as<^ in poultry 
popularly termed fowl paralysis is an infectious condition and that the commonly found 
lesions, c.g., enlargement of nerves and the presence of lymphomatous tumours in different 
parts of the body, represent a chronic stage of the infection (Ref. 30). The disi'ase can be 
rejiroduced by the use of these lesions in healthy fowls : the infective agent is contained 
in the lesions and it is found also in the droppings of some of the infected fowls. In the 
young chick the disease can assume an acute form with lesions especial^ in the liver and heart : 
it can cause the deaths of young chicks but some recover and later in life may develop the 
chronic form of the disease. The transmission of the condition is jirobably through the 
egg and by contact of healthy young chicks with infected adult stock. As yet we have 
found no satisfactory method of controlling the disease except by adopting hygienic measures, 
breeding from stock without a history of the disease and by rearing young stock apart from 
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adult fowls. Recently some interesting observations were made by Asplin {Ref. 31) who 
showed that the irdective agent is sensitive to drugs of the sulphonamide series. Working 
with young chicks he iid'ected them and then tried the effect of a number of these drugs. 
He had most success with sulphadiazole : of 138 chicks inoculated with 18 strains of the 
infe(*tiv(^ agent and ti'(3ated with sulphadiazole in the food none develope^d lesions of the 
dis(3as(‘, while of 117 inh'cted, untreated, controls, 101 showed gross lesions. Other drugs 
of the sulphonamide group did not yield such successful results. He places the drugs in the 
following ordcu- according to their effects in })reventing the disease in young chicks ; — 
sulphadiazole, sulphanu^hazino, suli>hathiazole, sulpha] )yridine and sulj)haguanadine. 
8ulj>hanilamid(‘ is too toxic for young chicks to be effective. We are now awaiting the 
results of furt her experiments in order to determiiui wdiether any of these drugs lias a plaije 
in the control of fowl paralysis under field conditions. 

The Control of Internal Parasites. We havf^ ahead}' written on the benrficial effects 
of some of the drugs now used in controlling internal parasites, especially the recently 
introduc(‘d plienothiazine which is now' largely used in sheep. Several ])oints of interest 
have b(‘en recorded during the past }'ear. Experimmits in America and in other ])arts of 
the world have biHiii carrit‘d out with a view to ascertaining w hether good results would follow' 
if shoe]) w ere allow ed access to phenothiazine over a period, so j>reventing the actual handling 
of the animals for treatment. The phenothiazine is mixc'd with salt and fed to the sheep. 
Britton, Mill(‘r and ("lamcron (Ref. 32) give an account of some ex]}eriments carried out in 
continuation of those begun in 1942. They had found that when using cojiper-sulphate- 
nicotine -suljihate mixtui*e about 12 — 15 jier cent, of the treated lambs faihjd to fatten 
satisfat'torily : (h(‘}' sidfered from gastro-enteritis, caused apparently by the helminths, 
Ost'Crtagia and Trichostrongyl(\s. They trie<l the use of a mixture of ])henothiazine and salt 
(I to 15 [larts) to which the Iambs had constant access. Two groufis of lambs were used, 
198 in (ui<‘h grouj) ; one grouj) had acems to the mixture, the other grouf> was untreated. 
Th(‘ r(‘sult wiis that the tree. ted group increased in average w(*ight by 37.7 lb. against an 
inen^ase of 24.9 Ih. in the unti-<‘ated lambs. All the rest of the flock, which consisted of 5,200 
himhs, was given acc(\ss to th(‘ mixture : only 32 lambs died. In another r^xpcTiment 3,000 
lambs had acc(\‘^s to th(‘ mixture for 0 wrecks : 100 w^ere ke})t as controls. After 3 weeks 
1,200 of the tn‘at(‘d lambs and 10 controls w^re marketinl as fat lambs. By the end of the 
trial, 3 cotitrols had dif*d of parasitism and the remainder sttourod badly while only 31 of the 
3,00t) treated lambs had died from all causes. Britton and Miller (Ref. 33) record the results 
of tests witli various medic^anuMits and conclude that, taking all factors into consideration, 
[ihenothiaziiH* is significantly sup(‘rior to any of the other treatments es})ecially wla^n there 
is fre(‘ ac((‘ss to a mixture with salt (1 in 10). They say it most nearly apjiroaches the ideal 
anthelmintic in being non-toxic, easy to administer, cheap and effective. Some further 
rt^sults are record(‘d by IN^terson ef aJ (Ref. 34) from whicdi it is concluded that phenotTiia- 
zine salt mixtun' (1 in 14), available to sheep throughout the grazing sea&on, jirotected ewes 
ami lambs against clini- al jiarasitism when the shee]) were relatively free from internal 
jiarasit^s at the b(‘ginuiiig of the trial and were not allowed ae(;ess to pastures recently 
<*ontaminat(‘d b> parasitised, untr(»at<‘d sheep. They found, however, that the same 
mixtur(‘ w as not able t o ])rotect shet^j) when th(‘\ w'ere jdaced in pasture heavily contaminated 
with ^ iablc jiaiasitic ova Fiorn this and other evidence it w'ould appear that there is some 
valiu‘ in phenothiazinc-salt mixtur(\s pi'ovided that all the sheep have access to them and 
that the jiastures are not already heavily (‘ontaminated. 

In c.onneetion w ith tlie jiarasitic infestation of sheep there may be a general feeling that 
hill sheef) do mit siifftT to any marked extent. Tt has been shown, however, by the obser- 
vations of Morgan ami v'^h'an (Ref. 35) that hill shoe]) may be quite heavily infested. These 
w {>rk(*i^ stmliiul slieep in thr South of Seotland and found that nearly 4 per cent, of the 719 
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sheoj;) and lambs which they examined were in poor condition and had high worm egg-counts. 
They point out that there must be certain areas on the hills where concentration of sheep 
fat^ces produce enough inlective larvae^ to allow of the building up t:)f heavy infestations in 
animals continually grazing there. This work indicates that when the intensity of the 
stocking is as low as one sluie}) to 4 or 5 acres it cannot be assumed that helminths are of little 
or no importance for, as the authors say “ concentrations of slwicp on small art^as in the hills 
are frequently higher than obtain in lowland sheep, and when allied with severe weather 
conditions and low nutrition, helminthiasis may occur in a considerable ju'oportion of 
animals, particularly in the lambs and hoggs.” 

The use of j)henothiazine in (‘attic is also receiving att(‘ntion. An inten^sting account 
of a trial by Britt(3n (R(d’. .‘lb) is worth rec^ording here. He treat(*d thrt'C primary ontbnmks 
oi’ parasitic gastritis in calves, i.e. outbreaks which (‘amc on gradually in young animals on 
fatbuiing pastures. H(^ us(‘d phenothiazine in doses of 12 grams for c.alves and 30 grams fc^r 
}'(*arlings. H(‘ also treated five outbreaks of secondary parasitic gastritis, v.c. outbreaks 
which wx^rc complicated with mabiutrition. All ri^sponded well. His third group con- 
sist(‘d of young cattle in which parasitic gastritis and heavy lungworrn inlestation wttc both 
[>r(‘scnt. He treatc‘d JOO such animals and k-ft 20 as controls. I'he result was that of the 
20 (‘ontrols only .5 surviv(‘d whil(‘ of 1h(‘ 100 tnaitcd animals onl> lour fail(‘d to recovtT and 
in each cast* IhtTc was a sccondar\ pmaimonia dm* to lungwa^rm iidcstatitm. It w^as found 
that, the use, of a j)hciiothiazinc-saIt mixture* was Jiot so su(*c(*ssful in (*attlc as in slun^p : 
tins was f)r()bably due to tlu* consumption of iiuKkapiate amounts of the mixture and hence 
not a sufficient, (juantity of plK‘nothiazine. 

(dbsoji (Ucf. 37) (jaiTi(‘d out sonu* (‘\periments in hors(*,s in which he gave small daily 
doses of phenothiazim* (1 gram) for 30 days. He found that although this tre^atment did 
not ivhult in the elimination of strongylid worms from the hors(*s, it did, however, produ(‘e 
a iall in the (^gg count to a vmtv Jow' level or to Z(*ro : this was referable to the inhibition of 
(‘gg })roductioii. H(5 showial that this inhibition persisted for as long as 35 days alW the 
tn'atment was stoppeul. \n inijortant finding also was that, during th(^ period when 
j)lu*.nothiazinc was heiiig adininistcr(‘d, tlie eggs passed in the fa(*c(*s were preveiit(‘d from 
dev(dof)ing into the third stage larvae. This finding can have a considerabk* b(‘aring on the 
prev(*ntion of contamination of ])astujvs. 

Bovine Tuhercuhntis. The position of bovine* tubercidosis in this country is that 
att(*mj)ts arc being made* to clear h(nals by the use* of the tuhe'rculin te‘st. We have alr(*.ady 
ek'alt in former Jiunibe*rs of this Journal with some* of t he* difficulti(‘s ot the interpretation of 
the^ test. Several inteavsting ajid important j)oints on bovine tubercuk)sis hav e b(‘(‘U re'ce‘nt.ly 
r('cord(‘d. There is now^ ac(‘umuiating c*vidence that bovine tul)e*rculosis ir the* adult human 
l>e*ing may be more common than has btK*n appreciated. It has al wa> s f)ee*n i-ecognised that 
tuberculosis of the bovine typej was the e^ause of a considerable* amount of dis(‘ase‘ in (‘hildrem 
andyemug peojde, and that the infection occurred in lymphatic glands (usually cervical and 
abdominal) and in bouos and joints. Tuberculosis of the lungs (jnilmonary tul)(‘rculosis) 
was usually considered to be associated with the human ty]>o of the tubercle* bacilhis. 
Hece*nt investigations indicate that pulmonary tuberculosis may quite otteai be due* to 
infection with the bovine", ty})e of the bacillus, Stanley (Griffith and Munro (Ref. 38) in- 
ve*stigated 2,760 case's of pulmemary tuberculosis in Scotland and 3,592 in England. They 
found that the iroport-ion of bovine infections was higher in Scotland than in England. The 
highest incidence, 25.8 per cent, was found in the Orkney Islands ; the next higlicst. was in 
rural districts of noi*th-east Scotland with a percentage of 9.1 ; in the rest of Scotland the 
incidence was 5.2 per cent. In England the highest incidence w^as in the North and Midlands 
with a percentage of 2 : in the South of England the incidence was only 0.6 per cent. From 
their examination they wore of opinion that, in many case^, the digestive*, tract was the 
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iihannel of entry ; and there is some evidence tiiat infection from cattle by inhalation oc- 
curred in some further cases ; and there were suggestions that the bovine infection had spread 
in 8orn(} still further cases from man to man. Another record on this subject is given by 
f^utbili and Jaiiii (Ref. 39) who have made examinations of sputum from (lases of pulmonary 
tuberculosis sinc<* 1934. Of the 2,101 positive cases, they found bovine tubercle bacilli 
in 48 or 2.28 per c*ent. The>' suggest from their examination of records etc., that the 
inflection originated from iubiTCuJous milk in 16 cases, that direct contact with cattle pro- 
ba])ly accounted for a furthi^r 6, while they were unable to find a definite origin in 19 
cases. There was also some evidcinee that in three families, while the original infection 
w^as ai cjuirt'd from cattle, subsi^quent infe(*tion in each family spread from the originally 
inl’ected nuunbiTs to others. Such information as that contained in these two publications 
adds to our knowledge of the damage to human beings that can arise from tuberculosis in 
<‘attle : in tlu^ adoi)tion of mi^asures to control tuberculosis in cattle the fact that trans- 
mission to human btdngs can take place even in the adult state must be remer . bored as well 
as the })ossible spreatl of bovine tuberculosis among human beings from an original infection 
from cattle. TIktc is also the other side of the picture. Infected human beings may infect 
healthy (attic. There is some evidence that the human type tubercle bacilli derived from 
liuman sources may cause a fleeting infection in cattle, whic‘h, however, may be of sufficient 
importance to cause difficulties in the interpretation of tuberculin tests. There was pub- 
lishcnl last y(^ar a j)Hpcr in which some evidence is produced that human beings infected with 
bovine tuhercuilosis might pass the infection to cattle (Ref. 40). It is reported that three 
lu*rds cons(‘cutively owned by one farmer in tw'o and a half years were found infecited with 
tuberculosis. Jn his first herd all the 24 (jows became positive reactors to the tuberculin 
t(^st within 100 days. Tlie tests were carried out because milk from the herd liad caused 
tuberculosis in another farmer’s calves. The 25 cows w(Te rof)laced on the same farm, after 
suitable disinfection, by 12 negatively reacting cows: witliin 5 months each became a 
]) 08 itive reactor. A similar ex[)eri€mce occurred with the third re}>lacements. Post-mortem 
examijuiiions showed that the animals had been re(*ently infected. It was found that the 
farmer himself w\is tulxuxailous and bovine tubercle bacdli were isolated from his sputum. 
The same author cpiotes another herd where there W7is some suggestion that the farmer had 
transmitted infection to his herd. Exampk^s such as these show how^ herds may “ break 
<lown,'' and such circumstances are to be borne in mind in dealing with herds in which 
[)ositive reactors to th(^ tubtuculin test suddenly apx>ear. 

In the transmission of tuberculosis from cow to cow' and from herd to herd there is 
little doubt that the dir(‘c4 contact of infected wdth healthy cattle is by far the commonest 
method. In the above se(;ti(jn another method is mentioned. That there are still other 
ways is shown by l ecently published papers. Thus, MeFarlane, Garside, Watts and Stamp 
(Ref. 41) d(*.scrib(^ the transmission of tuberculosis to a clean herd of cows by irrigation of 
the udders, presumably following the irrigation of the udder of a cow suffering from tuber- 
culous mastitis. Furtlier, Berger (Rc^f. 42) shows the high incidence of tuberculous infection 
in vaginal discharges (h(' found 12 infoct(^d discharges in 128 cows which he was examining 
for infertility). His observations confirm those of Stew^ard (Kef. 43) who, in a series of 78 
cases in which samplers of iiterint? dischargt^ were examined, found 24 to be positive for 
tubercle bacilli. Such findings emphasize the importance of looking for other means of the 
spread of tubercuhisis in cattle than by direct contact between infected with non-infected 
stock. 

In the testing of tuberculin for use in the tuberculin testing of cattle it is usual to make 
tests on guinea })igs which have been sensitised by being artificially infected with tuber- 
culosis : tests are also made on cattle to determine the potency and degree of specif icity of the 
tuberculin. Tt is known that various micro-organisms of the acid-fast group, i,e. the group 
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which ijicludcH the different types of tubercle bacilli^ give rise to sensitivities of different 
degrees to tuberculins used in cattle testing : this is one of the facts that cause difficulty 
in the interpretation of the tuberculin test in cattle. The results of some observations on 
guinea pigs carried out in this country have already been referred to in these writings. 
A further contribution to our knowledge on the subject comes from work carried o\it in 
.South Africa by Canham (Ref. 44). Following results on calv(^s he concludes as follows : — 
“ To sum up, one would say that the tuberculin reactions given by the calves sensitised by 
M. phlei and M. butyricurn (tluise are non-pathogcnic micro-organisms of the a(;id-fast 
grou])) would bo negative if judged solely on clinical ap})earan(ie. If judged by clinical 
a[)pearanct‘ plus measurements they would be regarded as suspicious, while finally, if 
measurements alone wt^re th(‘ criterion, they would be classed as positive.” The r(*sult of 
work on such lines is assisting in the understanding of tuberculin reactions in cattle in this 
country. 

Poisoning in Livestock. In last year's volume* of this Journal w e diseuss(*d some of the 
Imported ])oisonings of livestock, referring to actual instancies in the current literature. 
During the past year further observations have been recorded and the subject is again 
discussed. 

Nicotine Poisoning in Lambs. Last \ear reference was made to the poisoning of ciattle 
follow ing dressing with nicotine and lime in the control of waible infestation. The deaths of 
18 throe-month- old lambs are recorded by Craw’shaw' (ilef. 45) as a result of overdosing with 
ni(*otine-sulj)hat(* solution. In addition to the lambs which died others wvro sicik but 
re(*overed. They showed much d(‘j)r(ission and obvious discomfort. : there was no 
diarrhoea. Post-mortem examination icwealed much inflammation in the oesophageal 
groove and tin* abomasum (fourth or truc^ stomatdi) as w<*ll as in the first par t of the small 
intostiiK* : the kidneys also showed some evid(nice of inflammation. It was concluded from 
various examinations t hat the toxic dose of ni(K)tine -sulphate^ for lambs of this class (t.h(‘y had 
an av(*rag<‘. weight of 37.2 lb.) lies hetw'cen 3.2 and 4.8 grains, i.e. between 0.04 and 0.90 
grains of a(?tual nicotine. The author also records that 10 grains of nic^otine-sulphate, i.e. 
3.2 grains of actual nicotine, W'as the dose requirc»d to juoduce toxic synij)toms in bulls 
and heifers of 12-18 months of age. 

Poisoning of cattle by Dog's Mercury (Mercurialis annua. L). Barron (Ref. 40) describes 
poisoning by Dog’s Mercury in Shorthorn cows and heifers. They W(ue moved to a rough 
l^asture which had not been grazed by cattle for many years. Within a week one, and soon 
afterwards another, died. Both cows and heifers showed symptoms which consi.sted of 
lassitude, lying down a lot and reluctance to move, frequent urination (urine varied from pale 
pink to dark coffee in colour) with marked anaemia as shown by the w hite a2)j)earance of the 
mouth, gums and eye membranes. Home showed evidence* of jaundice. A post-mortem 
examination showed that the entire carcase was deep yellow^ in colour (jaundiced) and the 
bladder was filled with coffee- coloured urine. There were no ticks prcs(*nt. A heavy mat 
of the i)lant dog’s mercur\ was found : it had been heavily grazed. 

Zinc Phosphide Poisoning. Zinc phosphide is now used on an extensive sciale as a 
poison for rats, etc. : it is also toxic to livestock and deaths, especially of jioultry, have 
been reported from farms on which the poison w^as being used. Hare and Orr (Ref. 47) 
recorded three instances in different parts of the country. Death apparently takes })lace 
rapidly : the fowls are usually found dead. 

Blaxland and Gordon (Ref. 48) record thirteen instances which occurred in different 
parts of the country. They carried out some experiments to determiru^ the toxic dose for 
poultry and to study the symptoms and post-mortem lesions. They came to the conclusion 
that the toxic dose was approximately 1/5 grain per lb. body w^eight. Deaths occurred 
within 3-16 hours after the poison was given — ^the actual time depending on the amount of 
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food already ])re8ent in the crop. In nearly every case, on post-mortem examination, there 
was an unpleasant odour from the crop and gizzard : tliis was due to the presence of the gas 
})hoHphine, which is liberated from zinc phosphide. These authors provide a valuable 
account of the essentiaJ differences between the characteristic features of poisoning in fowls 
by the four most common causcvs, i,e, phosphorus, arsenic, zinc phosphide and cacao 
residues. In })ho8f)horus poisoning the carcase and visceral organs are somewhat jaundiced 
and thci liver is very fatty (often yellow) : there is also the characteristic odour of wet 
matches and visible fumes can be setiii when the gizzard is opened. In poisoning by arsenic 
there is intense inflammation in the gizzard with sej)aration of the horn^ layer from the 
underlying tissues by a gelatinous substance : there is no characteristic odour. The odour 
of })hos})hine is characteristic of jioisoning by zinc phosphid(\ In j)oisoning by cacao residues 
tile cToj) and gizzard usually contain dark chocolate-coloured material and there is an odour 
of (‘hocolate. 

Zinc })h()s])hid(' ])oisoning has also been recorded in a colt by Ingram (Ivcf. 49). The 
poison had ajiparently Ixjen laid on th(‘ jiasture where the ])ony was grazing : it died in a f(^w 
lunirs after symjitoms vere observed. The amount consumed was about 7 grains. 

Charlock poisoimiu of Jambs. While charlock is commonly found in many parts of the 
country and iiv(*st()ck often have access to it, it appears that , under some conditions, it may 
a<‘t as a poison, (lallie and Paterson (Ref. 50) describe a[)parenl ])oisoning in wedder lambs. 
Two lots of t he lambs were foldc'd at extreme ends of a rafie field : receiving a supplememtarv 
le(‘d ( >1* crush(*d oats, 1 n one batch (180 lambs) deaths began on the fourth day and continued 
until th(* lambs wcmc removed on the st^venth day (om* dic*d th(^ following day). No trouble 
was exjjerienced in the otliiT batch of lambs. Altliough charlock was present at both ends 
of th(‘ liVld, it was much more abundant at tin* end where the deaths occuiTcd : the char- 
lock was well podded wdth fully fornunl se('ds and was so abundant that it was imjiossibh' 
for the lambs t(.> g(‘t. t-h(‘ rape without taiting the* charlock. Posf-moricm examination showx^d 
mflammalion of the stomach and intestine. The charlock was pulled out and the lambs 
w(‘n‘ ])ut l)ack on th(‘ ]jasf.ur(* : no furtluT trouble occurnKl. Tt is said that charlock is toxic 
when the seeds have formed, the piineijial toxin being mustard oil, Jt may be asked why 
( harloek poisoning is not more eornrnori in sluep : the answer is probably that they do not 
norma Ih ('a1 the plant * 

M nshroo}!! polsonimj ni ratiJe. From AnK*rica. (Hnf. 51) (!omes a report of alleged 
poisoning by nuishr<K)ms It oeeuri(‘d in a herd of cattle- gia/ing on jiasture on wdiich large 
growths of white mushroom ( Annania vema) w'<‘r(» present. The pasture was bare and the 
animals had eaten th<* mushrooms, d( aths occurrf'd but illness was common, the most 

striking sym])tom being th(‘ gn'at imw iMingm'ss to defat'catc, which was done wdth eonsider- 
al)I(‘ jmiii Th(^ fa<‘C(*s accuinulal.(‘d around tlu* buttocks. There was marked loss of 
w(‘ight Posl-motiem (»\aminatiou showed mudi inflammation throughout the alimentary 
tra('t . F.v})(‘rim(‘nts w'(u*e carried out on rabbits when tlui symptoms and lesions wwe 
r('produced. Att(‘mj)ts to cause poisoning in a calf by fet^ding the mushroom failed but 
it is thought that th(» amount fed was too small. 

Ia'wJ juxsoftnig. Attention was drawn in last year’s volume of this journal to lead 
])oisouing in (‘alves. Some furth(*r notes on the subject have been recorded. King, 
Barric^k, Hoeier and Doyle (H(‘f. 52) found illness in calves, 4 to 8 weeks old, which had been 
lickiiur a tt*uce wliich had laam paintc'd thnx^ years previously. The calves cease^d to 
suck, showial muscular tnmiors, waue jiaif iallv or completely^ blind, staggered about and 
iiually allowed convulsions and died. The constant post-mortem finding was inflammation 
oi th(‘ kidneys 'l'h(‘ troubh^ ceased when measures wen'- taken to prevent access to the 
paint (m 1 huicc*. Analy sis of tlie liver of the affected calves showed lead to the amount of 
46.8 mg. /kilo : in normal calves the amount was 0.93 mg./kilo. Experiments in which lead 
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acetate and lead carbonate were fed to calves in milk gave rise to convulsions and death. 

Poisoning of cows by lead in salvaged soya bean meal is r(iported by Watson and 
Adams (Ref. 53). Two farms were involved. On one farm three cows went off their feed, 
were dull and showed signs of abdominal pain. From an analysis of the soya-bean meal it 
was calculated that each animal would receive about 1/10 ounce of lead from the meal. On 
the other farm about twice the amount of meal w^as fed. Here the symptoms in the affected 
cows were more acute than on the first farm and consisted of acute abdominal pain, great 
excitement and pressing the head against the wall. One cow continued to show^ symptoms for 
three weeks after the feeding of the meal was stop].)ed. Some of the animals nevcu* show ed 
marked symptoms : in some, the only sym[)tom appeared to be hypersensitiveness of the 
udder when milked. 

Johne's Disease, lii some districts Johne's Disease is of considerable economic im- 
portance. The causal micro-organisms are found in the intestine and are (expelled in the 
faeces. It is easily inderstood, therefore, how ponds, stn^ams, })astures, etc. become (!on- 
taminated. The survival of these micro-organisms outside the body has been the subject of 
investigations carried out by Lovell, Levi and Francis (Ref. 54) and their findings will he 
of much value in the adoption of methods for the control of the disease. The authors carried 
out three series of experiments. In the first series they used artificial eultur(\s of the 
micro-organism added to muddy water, taj) w'ater, ])ond wati^r and saline solution, each of 
which had been sterilised before the (experiment w'as begun : the various emulsions so formed 
were kef)t in a cupboard at (U‘dinary temj)erature. It was found that, under these conditions, 
the micro- (organism was still alive after nine months. In th(j nt‘xt lot of expt^riments, 
scrapings fnmi the intestine of infected cattU* wen^ us(^d (the scTapings contaim^d tlu^ micro- 
organism). They were added to unsterilis(‘d river wat('r and ditch water and the mixtures 
were k(‘pt in the o])en air. In one t(‘st tin* infective micro-organisms were found aliv(» 113 
days later, although tlie water had been frozen during the early part of the experiment. 
In another test carried out on the sanu^ lin(‘S the micro-organisms wc^n' rei^overod after 1()3 
days. The third series of expeuaments consisted in study of t he survival of the micro-organ- 
ism in naturally infecterl faeces, Tlu^. facMM's were kept in containcTs (*xposed to the full 
(‘ffects of weather, rain and sunshine ; thus on (K^casions they w'ere fluid, frozen or dried uj) 
by the sun. Kept under thcvse (*onditions it was found that th(‘ micro-organisms could 
survive for as long as 246 days. It was also shown that they surviv€‘d longer under moist 
than under dry conditions. In discussing these results, the autliors say “ our observations, 
however, give sup|)ort to certain suggestions made in the control of Johiie's disc^ase. It is 
not unreasonable, considering the longevity of the organism, to allows infective pasture to 
b(^ regarded as unsafe for at l(‘ast one year. It is also a sound jiolicy to (uicourage such 
methods of proctedure as the breaking up of manure on inf(‘cted ])asture land, th(^ disjiosal 
of manun* from standings to cultivated land and the drainage or ftuicing of ponds." 
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1. RITRAL RKCONSTRIKTriON. 

Di HIN<; the filth \ear of tJie war, a growing tendency was manifest to consider the problems 
which peace would liring. Official committees, Univt^rsity dej^artments and privatti 
groups have* set themselves to investigate conditions affecting one or other of the { bases of 
rural Jift^ and laliour, as a basis for the imjirovement of economic and social conditions. 
Some of these have I'ompleted their wwk and have published th(‘ir conclusions. 

Ot the surveys and investigations made last year, perha{)s the most extensive in i*s 
scopt' is a study of the agriculture of Wales and MonmouthshiTo made by Professor A. W. 
Ashby and Prinei{)al Ifor Evans, of Aber^^stwyth. !t deals with the recent history of 
Wt'lsli agriculture and the (‘haug(*s which it has undergone^, {larticularly between the tw^o 
wars. Phanges in tht‘ cropping of the land and in the classes and numbta-s of livestock are 
r(*corded in gn^at detail, and tlu‘. influence of such things as comj)etiug imports, marketing 
organization and farm mechanization, on farm organization, on the fhianeial results 
of farming, tmd on em{jloyment in agricult ure an*, fully distaissed. Thus, dairy farmers in 
Wall's wen^ heavily liit in the y(*ars before the war by tlie increasing volume of imports 
of buttt'r and cheese and the heavy break in markets which follow^ed. Under the operations 
of the Milk Marketing S(;heme, introduced in 1933, more and more milk was diverted from 
farm manufacture into the liquid market, and the number of registered producers rose by 
no less than 90 per cent, in five y ears, represi'iiting approxiniately one-half of the full-timo 
farmers of Wales. 

In the I^rineipality, as elsewhere, -here lias been a steady decline in the population 
<‘ugag<‘d in agriculture. The number of farmers shows little change, but there has been a 
(l(‘(*line in the number of farm labmirers of all kinds amounting to approximately 8 per 
cent, since* the beginning of the eentury. Hy comparison, it is interesting to note that in 
th(‘ Kngli.sh counties the fall was no less than 25 per cent, and the steadier rate of employ- 
nu'nt in Wales r(*flects, of eonrse, thii high(*r degree of pc'asant farming. There are many 
farmers in Wales who employ no labour outside the family, and farms gencrrally are too 
small to admit of mechanization of labour {nocesses on the scale which has done much to 
reduce labour staffs on the larger English farms. Tn most {larts of Wales, the family farm 
is firmly established on an agelong tradition. Welsh farmers, too, have developed a co- 
opeiativi* organization for many purjioseis, to their mutual advantage. Whether tradition 
and mutual association in business will enable them to overcome the patent handicaps of 
small -scale o])e!ations indefinitely, remains to be seen. It is clear that the authors have 
this problem very much lu their minds, while leaving their readers to draw*^ their own 
conclusions as to the future trends of Welsh agriculture (Ref. 1). 

Another inve.stigation, this time of a small area only, but carried DUt intensively into* 
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every phase and circumstance of rural life, emanated from the Agricultural Economics 
Research Institute, at Oxford. A group of some twenty parishes in a rural area of a mid- 
land county was investigated by a survey team, selected for the special aptitudes of its 
members for the various parts of the work. The matters investigated included the owner- 
ship of the land, the efficiency of its layout in farms and fields, and the adequacy and 
condition of its permanent equipment for modern farming. There was an examination of 
rural housing and the public services connected with it ; of the standard of local govern- 
ment ; of the health services and of rural education, while the religious and social organ- 
izations C)! all kinds were brought nndei review, as having an important part to play in the 
life and well-being of the rural community. 

This investigation brought out, at onc'e, the need in this district, and probably in many 
others, for a rectification of the boundaries of many farms and fields, in the iuterc^sts of 
efficieney in farm management. (This is a need which many of the County War Agri- 
cultural Execuitivc^s have encountered, and tliey have aitemptcKl im])rovements in some of 
th(‘ worst cases). Rural housing and matters snc.h as pul:>lic water supplies, cilet^tric light 
and powcu*, and sewciragc', were markedly dcfieicuit, and tliese arc*. matttTs calling for remedy 
if rural labour is to e.njoy the anuuiitic's of life which every towm dweller takes for granted. 

These things, however, ar(‘ aln^ady in the public mind, and some im])rovements are 
bneshadowed. It is in the social life of the countryside tliat tlu^ investigation brought to 
liglit a Far more s(Tious difficulty. Very many rural communities are too small to give 
reasonable o[)[)ortunities to thdr members. They cannot sup}>ort, some of them, even junior 
schools, they cannot run a Women's Institute or rais{» erhjket and football teams, and often 
the young i)eople are too few to organise such things as Scouts, Guides and Young Farmers' 
( 1ul)s. Herein lies the exjdanation probably, of the lure of tin* town. It constitutes a real 
problem, affecting the supply of labour for tin* lan<l in the future, and the solution has not 
yt‘t be(*n found. The r(q)ort on this investigation, publishcHl at the dost* of last year, 
sugg(\sts iJiat the dectuitralization of industry and the repo])ulatioii of the small(*r villages 
which this might bring, if carid’ully jianned and carri(*d out in eo-t)peration with the local 
administrative authorities, might do much to regenerate village* life and to ])rovid(* useful 
local markets for much of the farmer’s more valuable ])roducts (Ref. 2). 

For a summary of the argunumts ftjr town and country planiiirig, admii ably illustrati^d 
and w'dl-doeumoiit(*d, readt‘rs may lx* referred to a publication in tht* stuies TargHfor To- 
morrow. Though dealing largtl y wit h the oougestioii of oiir towns, there are sections d(*aling 
with the need for better housing and {mblic s(‘,r vices in rural areas, and tlu* authors, Fhoebt* 
Fool and Flora ytejiienson, support the argument'for dec(*ntralization in the* interests of 
town and country alike (Ref. 3), 

Closdy allied to the foregoing investigations of the economic and social conditi<m of 
the countryside is the work (tarried out by the Rural Housing 8uh-0ommittee (the Hobhousc* 
fV)mmittee) of the Central Housing Advisory Committee appointed by the Minister of Health. 
Its Third Report, published last year, is a valuable picture of rural housing as it (exists to-day, 

‘ together with a fair assessment of the performance* of the responsible authorities and 
Miggestions for its improvemout in the future," It is noteworthy that the Sub-Committee’s 
recommendations are eonoorned mainly with administrative measures, and they do not call, 
for the most part, for legislative action. Thus, they involve no hindrance to spex'dy action 
direcjtly conditions in the building trade make a new start possible. 

The Report envisages that most of the new^ building needed in country distiiets will 
devolve upon local authorities. On the whole, the Sub-Committee is satisfied to leave tliv. 
niain responsibility with the Rural District Councils, but with closer co-operation with the 
Cbunty Councils in the form of Joint County Committees on Rural Housing, At the same 
lime, the place of the private landowner and builder in the general scheme is recognised, 
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and there are proposals for bringing the asBistance afforded by the Housing (Rural Workers) 
Acts inon* into line with probable post-war building costs. Further, it is pointed out that 
the subsidy of £10 payabh^ on a house annually for 40 years, as an encouragement to the 
private huildfjr, is useless to-day, when farm workers’ houses are costing about £1,000. To 
let such houses at 8s. a week, exclusive of rates, and to give the landowner a return of no 
more than 3 j>er cent, on his capital, would call for a subsidy of £24 16s. annually for 40 
years. 

Ojie of the many practical recommendations of the Sub-Committee is for a survey of 
housing conditions in Rural Districts, to be undertaken by the Joint Housing Committees. 
This survey would supply information as to (1) houses requiring repairs ; (2) houses re- 
((uiring rc(5onditioning ; (3) houses requiring demolition ; (4) new houses needed to replace 
those demolished and to relieve overcrowding. Local authorities could then draw up their 
long-term }>rogrammes based upon accurate knowledge (Ref. 4). 

11. FARM MANAGEMENT. 

(а) The ^ew Zealand Dairy Industry. 

In (put(‘ a different category, and coming from the other side of the world, is a valuable 
report of th<‘ dairy industry in New Zealand. Most farmers in this country are aware of the 
great and rapid exj>ansion of the volume of exports of butter and cheese to the British 
mark(‘t, which has made New Zealand the great competitor of Denmark for the butter 
market and of Canada for the cheese market of this country. This development was mado 
possiblt‘ })y the invention of refrigerated carriage of produce at the beginning of tlie c'entury, 
whit h w as soon to be associated with the cream separator and later with the milking machine. 
It was home separation which rend('r(?d possible the ra}>id expansion of the butter factory 
systtnn, and the milking machine and the electric motor wkich increased so greatly thc3 
efficitmey of labour. 

The report is a record of wonderful progress, but criticism is made of some parts of the 
organization. British dairy farmers will be particularly interested in the conclusions as to 
t h(‘ future th(3 industry. Relying on the growing awareness of th(3 j)roblems of malnu- 
trition in this (‘ountry, the re})ort anticipates a growing demand for imports of dairy pro- 
ducts, j>articularly of butter, while the demand for cheese, winch has been much more 
stable in the past, may also show some increase. 

Tl is commonly maintained in this country that butter exports from New' Zealand are 
heavily subsidized by the Government of that country, and it is of special interest, therefore, 
t-o turn to that s(H3tion of this report dealing with subsidies. The author of the report, W. M. 
Hamilton, of the D(q)artment of 8eicntifie and Industrial Research, Wellington, deals very 
fully with t;h(* matt('r. Except for liquidation of the initial deficit of some £276,000 resulting 
from th(? first ^'(^ar's o])(‘ration of the guaranteed-price plan, the New" Zealand Dairy farmer 
has not been directly subsidized. There is assistance given, however, to all farmers to 
meet freights on fertiliz* rs, the cost of pest and weed destruction, live-stock improvement, 
and so on, which amounted to something over a million pounds in the year 1940-41. In the 
same year grants for education and research amounted to nearly another half million. The 
author estimat(3s that somewhat l<3ss than half these totals are of benefit, directly or in- 
directly, to th(3 dairy industry, an amount equivalent, approximately, to 6s. j>er cow. 
(Ref. 5). 

(б) Financial licsulfs and Costs of Production. 

For reasons good and sufficient, no doubt, though not always obvious, the published 
results of man 3 " investigations of the financial results of farming and of costs of production 
are marked ‘ (k^nfidential,’ and it is impossible, therefore, to make use of them for the in- 
formation of farmers generally in this summary of the year’s research. 
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(/) General. For several years past, a general Farm Manageiiieiit Survey has been in 
progress, covering upwards of 2,000 farms in various parts of the c*ountry. The work has 
been carried out locally, at the Advisory (Vntres, and the figures are tabulated and 
summarized at the Agricultural Econoruies Research Tnstitutt‘. Farms are classified for 
purpos(Js of comparison into thnn^ groups, — those mainly grass, tliose mainly arable*, and 
mixed farms. Within tbest* gnnr pings, there are sub-divisions — grass farms, for example, 
being split up into ‘ mainly dairying,’ ‘dairying and mixed,’ ‘ mixed livestock’ holdings, 
and there are appropriat(^ sub-divisions of the other groups. Reports are issued I y the 
Institute at Oxford I’rorn time to tinier, showing tlu* n^sults on these grouped holdings, to 
give a general picture of the fortunes of farming in th<\se broad tyj)es of enterprise. At the 
same time, with the assistaiiee of tlu* Advisory Fconomists, it is ])ossible to })r()duee figures 
within each of these types for local area grou])s. Thus, ‘ grass farms mainly dairying ’ are 
subdivided into territorial groups r(*})resentative of tin* principal dairying districts of the 
country, enabling comj)arisons of rrudhods and results to be mad(* between one and anothe^r, 
and th(i same' practice is iollowed with the^ farms (;om])ris('d in the* r(‘st of th(‘ principal 
groupings. 

The latest r('j)ort rc'fers to the* year 1942, and the* exjx'riermc's ot larmers on 1,82S farms 
in that year an* contrasted with those* of 1941 . ’Faking the r(*sults of the three* main groups 
as a whole*., farmer's eai'iu'd satisfactory margins, which \ve*re identieial, as it haj)pe‘ns, in the 
two ye^ars. Dividing the farms into the thre*.e main grou])s, it is nertable how' much arable 
fanning hius come* into its e)W’n, anel that the margins, both eni the^ faims mainly arables and 
on the^ mixeifl farms, W(‘rc substantially higher than those* em the* various types e)f larms 
mainly grass. 

I’urning to the* analysis of the* figure's, the wartime (*hange from giuvss te) ple)ughlarid 
is reflextol in the; ace;onnts. As bt‘tw(;(*n 1940 and 1942, the amounts s])emt pe'r 100 acres 
em se*e;ds rose* by 105 p(*r en'iit , on le*rtili/er*s by 50 pe*r e*e*nt., anel on mae;bine*rv a.ml implements 
me)re than (iO })(‘r ce*iit. The* c;osl of lahonr re)se by 55 per ce*nt wdiile rent, it is int<‘re;stmg 
to note, was jiraetically statienmiy, and e\})eneliture on leeding- stuffs dre>])})ed by 55 ])er 
ce*nt. Anerther iutf‘rt*sling figure* is the* e*e)st e>f repairs t^o im{)]erne*nts and mae‘hin(‘ry, now 
such an im|>ortaiit item in the^ eepiipmeaii of most farms. On this gre)up e)f herldings it 
amounted to £20 per £100 of e*a]>ital investe*el in mae*hinery, etc. Direct (i!overnme*nt grants, 
ave;rageHl ov^e'r all farms, ame>untefl to £11 per 100 aei'es, ejr 13s. Tel. per £100 of receipts. 
The re*.pe)ri eemtains a comparative* statenne'nt of the ne;t farm (*arirings elise*le>seel by <be 
surve;y, ye*ar*ly, since 1930 (Ref. 0). 

Arising emt of the same* national farm management survey, the Feemomics Section of the 
Department erf Agriculture, TA*eels, have issue;d the*ir usual yearly analysis erf financial 
results erf Yerrkshire farming. A total of 1 85 farms have beem dividcnl into groups represent - 
ing nine types of Yorkshire agriculture, from he;avy lanel corn-growing farms in Hokh'rness, 
to the intensive arable farming of the Plain of Yerrk, and the eterrn anel sheejr of the Wolds 
anel of other light land ty])es ; and irerm the inte'usive elairy holelings of the industrial 
districts, where milk is largely })rodue*vr-retaile*d, to Swaleelale with its nnik jrroelnetion ferr 
the wdiolesale market on the one hand, and its sheep farms ern the erther hand. 

The ca})italization of these; types show considerable differences, ranging from sernie- 
thing le^s than £J0 an acre in Holderness and abemt £12 in the Wolds, to £15 in the Plain of 
York and £25 per acre on the intensive dairy holdings of the West Riding. Tn 8waledale 
an acreage figure for tlie cost of farm stocking is not comparable with those of the other 
districts, owing to the varying proportions of hill and valley land on the different holdings. 

Farming in the Plain of York makes the best showing, being twice as profitable as in 
Holderness, and the intensive milk -producers figure as runners-up. I’here is an interesting 
table in the report showing the output and the profit jx^r £100 of labour expenditure. The 
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big Wold farms seem to make the most economical use of man power, as measured by the 
wages bill, and the intc^nsivo milk -producers the worst, the difference being explained, in 
whole or in part, by the higher rates of wages demanded in the more industrial districts 
(Ref. 7). 

(ii) LivetiUick f^roducls. Two reports on the cost of winter feeding of cattle have 
appeared during the year. The first of them, emanating from the University of Leeds, 
d<^als with yard feeding on eleven farms in the winter of 1943/44 ; 421 bullocks were in- 
volved, and it is of some interest to note that no fewer than 347 of these were bought as 
I rish stores. Of tht^ remaining 74, only 14 wore bred on the farms whore they were fattened. 
Prices, both for stores and for fat cattle, showed a imuked increase on previous years, and the 
length of the feeding })eriod has gone steadily up from pre-war ytjars, as the amount of 
available concentrates declined. In the result, heav\^ losses on feeding occurred, the average 
per beast being between £6 and £7, after crediting the value of manurial residues. It is 
understood, of course, that bullock -feeding is not an isolated enterprise on '?.ost farms, 
forming, as it does, part of an inter-acting system in which livestock are used to convert 
straw into manure for the maintenaiuic of soil fertility. On these Yorkshire farms, the 
manure had to bo worth about £1 a ton if bullock-feeding was to pay for itself. (Kef. 8). 

The oth(U' rt^jMjrt comes from the Dej)aitm(mt of Agricultural Economics, Aberystwyth, 
and (‘oncerns some BOO cattle fed on 2B farms in various parts of Wales in the winter, 
1942/43. As in the Yorkshire investigation, the cattle were out on j)astures during the early 
part of the winter. Profits w'ere recorded only on 5 farms, and over all there was an average 
loss of about 10s. per head. The authors of the re])ort attribute this to the difficulty of 
ensuring a balanced diet owing to restriction on the use of purchased concentrates. Several 
of the 1‘armers maintained that t hey w^ere obliged to give hay as the main part of their bulk 
feed Ix'c.ause of the high protein deficiemy of the straw which they would have preferred 
to use. The investigators suggest that this could be remedied by more careful jdanning of 
the (iropping programme, to secure a better protein-starch ratio in the available feed. There 
has been too great an emphasis, they say, on the cereal croj)8 and too little on the pulses, 
in w^ar-time cropping in Wales. (R(T. 9). 

The financial results of shoe}) breeding and feeding, extending over the six years 1938/9 
to 1943/4, on the (College farm at Wye, have been dealt with in a nummary report by the 
Advisory Economist there. A flock of about 3(K) half bred ewes was involved ; only 12 
(?wes were s(dd as barrens over the whole iH>riod, and the death-rato was 7.2 per cent. I^mbs 
tailed averaged 147 per cent., the range being from 136 to 155 ; and the death-rate after 
tailing was only 1.6 })cr cent. The flock w'as kept entirely on grassland, and to an increasing 
extent, on rotation pastures, the stocking being equivalent to about 3.35 ewes per acre per 
annum. The average weight per lamb ranged from 62.7 lbs. to 75.8 lbs., and this represented 
not so miuih random fliKituations as a fairly steady dc^cline, following, first, the reduction, 
and after 1940 the tdirnination, of corn and cake feeding to the lambs. Prices realised, how- 
ever, rose even more steadily than the fall in weight, from about 5d. ]}cr lb. live- weight in the 
first year to nearly 9Jd. in 1943/4. The total profit from the breeding flock for the six years 
to Michaelmas 1944, before charging anything for the manager’s salary, was equivalent to 
about 41 per cent, per annum on the capital invested in sheep and sheep equipment. (Ref. 10). 

Poultry farming has been carried on with difficulty during the war years, owing to the 
shortage of available food, but the evidence shows that changes have been less severe in 
Wales than in some other parts of the comitry. Rej)orts of the financial results of poultry 
keeping for the years 1942/3 and 1 943, 4 have betm issued by the Department of Agricultural 
Economics. Al)crystwyth. C^osts per bird fell from 25 b. in the former years to 23s. in the 
latter, but there were wide variations between individual flocks. Food accounted for more 
than half the cost, and rose slightly between the years, but labour was unchanged at about 
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6s. 3d. per bird. It should be noted that this does not represent wages for hired labour, 
but an estimate of family labour priced at current wage rates. 8ueh a charge must be 
regarded, it is pointed out, as part of the income of the owner and his family. The average 
number of layers was about 130 bii*ds per flock in each year, but the balance of profit on 
these numbers increased from about £64 in 1042;3 to £122, nearly double, in 1943y4. This 
incrciase is attributed mainly to the fact that the breeders, as a group, made grt^ater use, in 
the second year, of the high ju iced market for hatching eggs and day-old chicks than did the 
group recorded in the previous year, for total costs varied very little. (Refs. 11 and 12). 

The importance of milk production, both for higluT fjuantity and better (juality, is 
constantly impressed upon farmers, and more money is invested in it than in any other 
livestock product. With the encouragement of the Milk Marketing Board, investigations 
of the ec^onomics of dairying have been (*arri(‘d out for some years ])ast at (wery research 
centre in the country, and a number of reports on costs, finamaal results and on herd 
managoimmt havc^ been issued during th<^ past year. One of these, corning from the fSouth 
Eastern Agricultural (Vdlege, at Wye, covers a six-year j)oriod wl\ich began with the year 
1937-8, on the (\)llege farm, and relates to a herd of about 30 cows. The herd and its 
equipment reju'esent about 25 j)er cent, of th(', total farm (w‘ij)ital, but while it contributed 
some 28 per cent, of the farm revenue over the ])eriod under reviews it aceoimtod only for 
about 12 j)er cent, of th(^ total farm j)rofit. This is a n^flection, no doubt, of the (unphasis 
during wartime on cereal jiroduetion, and the priority given to it by pri(H3 regulation. 
Nevcrtheli^ss, tlu^ analysis of costs and returns shows that there was an average f)rofit of 
£1 1 4s. 9d, f)er cow per annum over the whole ])enod and of 4^d. piT gallon of milk. The 
average milk yic^ld j)er cow’ was 593 gallons. As the war j)roeeeded, the grazing, which had 
bcH3n almost (uitirely j)ennaru‘nt pasture to begin with, eluiuged by stages until it' became 
mainly rotation gi’ass. Similarly, honu'-grown cereals and b(3ans came to be substitut(*d 
more and more for the eoucentrated ])art of the cow's rations. In the years 1937/40, half 
the cost of feeding was du(‘ to j)urchased (concentrates, but tin* j)roj)ortion had (Iropj)e(l to 
onc-t.bird in t.h(3 next three years. 

With this exee|)tion, there was a steady ris(‘ in all items of cost. Labour iiuaeased by 
2d. a gallon, and total foods by 3^d. Allow ing for smallt^r items, total eost.8 r(»se by almost 
exactly 6d. a gallon, whiU* rc^turns iucrcast^d by nearly 8|d. j>er gallon of milk. 

TIu 3 dejm^tuation on the herd ov(U' the six-ye^ar jjeriod r(q>resented an annual cost (jf 
£3 10s. Od. [Kir ec^w*, equivalent to almost lid. per gallon of milk. The h(‘rd is Tuberculin 
Tested, arid free from abortion and mastitis. (Ref. 13). 

Other reports on milk production costs in recent years, both for winitT aiid summer 
])eriods, have been issued by the Advisory Economists at Leeds, Aberyst wyth, the Midland 
and the Harper Adams Agricultural Colleges, and they are available' to those interested in 
milk production in these localities, (Refs. 14-22). 

Grass, as it is well known, is the cheapest food for livestock, and the Farm Economics 
Branch, Cambridge University, conducted an investigation on the c!Ost of grazing in con- 
nection with milk production by 52 herds in the year 1942/43. Charge's ranged from h^ss 
than 208. on 3 farms, up to 508. per acre and over on 7 farms. I^isture improvement, it is 
stated, is commonly the key to better returns for milk production, and improvement should 
aim at lengthening the grazing season at each end. This problem is immediately associated 
with re-seoding, and the Cambridge report includes an analysis of experiences of this on ton 
farms in the Eastern Counties. (Ref. 23). 

Startling statements are made from time to time as to the enormous losses to farmers 
and food production arising out of animal diseases. While these must be very great, there is 
little statistical information available to show the effect of the? commoner ailments upon 
livestock production costs. Special interest attaches, therefore, to a report from the Harper 
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Adams AgricuJtural (yV)llege on the estimated financial lows due to an outl)n‘ak of IVichomonas 
Diseawe in a commercial dairy herd. The dairy in question had a normal strength of 58 cows, 
with an average daily output of about 180 gallons in summer and 80 gallons in winter. 
Following an outbreak of the dis(‘ase diagnosed in May, 1042, and treatment of the animals 
throughout the summer*, the average daily winter galloiiage dropf)t‘d to 30 gallons in the 
first wint(^r peaiod, and it had ris<m only to 40 gallons in the second winter period, though it is 
Hurj)rising io not(" that there was no material decline during the intervening summer i)eriod. 

Th(^ report records a loss of i* 1 ,680 on this herd of 58 cows, due to decline of milk yields, 
r(}j)la cement of cows, loss in calves, and increas('d cost of veterinary atteFidance and medicines. 
(K(d*. 24). 

(Hi) (h'ops. Sugar la^et has occupied a position (piite imicpic* amongst farm crops since 
its first introduction into general farming twenty years ago. Up to the outbn^ak of the war, 
it (‘xisted only with the aid of a fairly heavy subsidy ])aid on th(^ production of home-gromi 
sugar, and while* it was of real value to l‘arm(*rs as giving tlu'm a cash root crop, the sugar 
was ol no special advantag(* to th(^ (jonsumet. Th(* whoh* situation was {*hang(*d, however, 
by war-time conditions, and it is un(l(*rstr)od that the bulk of tlu* nation’s sugar supply haw 
b(‘(‘n d(*riv(*d from hom(*-grown beet. The (‘ultivation of tlu* crop is now ])retty well 
und(‘rstood, and the r(‘gular eostirigs winch w(*re ])rof)erly undertaken at several cemt-res in 
earlier y(‘ars, hav(* most of them laps(*d. It is of inter(‘st, th(‘refore, to see some! figures 
emanating from the Harp<u’ Adams Agricultural (\)ll(‘ge, on yie lds and costs in 1944, on 
(uu1-ain farms growing for the Allst^ott factory. The year was a bad one both for yield of 
washed beet and for sugar eonteait. Germination was poor and growth slow (luring an 
exceptionally dry spring, in fact, the yield w'as the lowest since t lu* y(*ar 1931 . Total costs 
wen* £35 an acre, an in encase of morc^ than £3 on the year 1942, due almost entirely to 
higlu*r manual labour costs, and costs of artificial manure and linn*, (lief. 25). 

Tn a r(‘port on the cost of winter beef j^rodiujtion in Wales, refern‘d to above (Ref. 9), 
(jomment was made on the ne(^d for a b(*tter balance bi‘tween the jnoduction of cereal crops 
and puls(‘s on tin* farm, now that high j)rot(*in I'oods on the mark(‘t arc* in short supply. It 
was natural, therefore, that the Department of Agricultural Fconomies at. Aberystwyth 
should hav(* investigated the nu'thods and costs of growing b(*ans for farm livestock. 

lire a(‘r('age und(‘r beans in Wales has already shown a great in(*r*ease, having ris<m from 
under 400 acres in 1939 to mon* t ban 6,000 acres in 1943. The Aber ystwyth report goes into 
all the (*onditions for successful (‘ultivation in great detail, and tlu* (josts of all the ojrerations 
involved hav(‘ b(M*n r(‘eord('d (ui 19 farms. A lu^av’^y-land crx>p, the advantage of tractors 
(jver h(jrs(*s is cir^arly shown, and tlu* higher ('ost of contract work, in contrast with that of 
similar ojrerations done by farmers’ own ti’act(jrs, is apparent. Though there were great- 
variations in yields and costs b(*tween farm and farm, beans wx*re a jrrofitable crop, and 
this r('})ort is full of information likely to lx* of value to Welsh farmers unfamiliar with it. 
(Kef. 2(>). 

Though tlu^ volunu* ot‘ information, y(*ar by year, on farming costs of all kinds is now 
very consid(^rable, little work seems to have been done on njarket gardening and vegetable 
crops. Of special int-erest, therefore, are two nqorts, the first on methocis and costs ot 
produ(!tion (^f }>arsnips, (carrots, onions, broad beans and certain brassicas in Carmarthen 
and the Gower ju ninsula, coming from Aberystwyth ; the other, limited to the costs of grow- 
ing autumn and spring cabbage in Yorkshire, is published by the Economics Section of 
th(^ Department of Agriculture, T.,wds. (R(*fs. 27 and 28). 

Another crop whic h has s]>nuig into ijiqiortaiuje during the war is flax, whether grown 
a.s a farm b)od (jr foi fihn*. As a farm food, it was studieci by the agricultural economists 
at Al)(*rystw\yth, its (‘ultivation lieing a now experience for the present generation of Welsh 
larniers. The older men renmmbered linseed, either alone or in mixtures with cereals, as 
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i airly common in certain districts some fifty years ago, being particularly valued for calf 
feeding and for putting a bloom on horses which were being got up for sale. 

Crops on twenty-one farms were studied in 1944, eleven t)f them being first exireriences, 
and only on one farm had th(» crop been grown before the war. Valuable details of farmers’ 
exjH^riences are given in the n^port. The average jdeld was little more than 0 ewt. an 
acre, representing an average cost (including failures) of £1 1 Is. Od. ])er cwt., which con- 
trasted with the controlled price for the year of £J 7s. (id. For the Ix^st two crops, however, 
which yielded 12 cwt. and 17 cwt., the costs were as low as 17s. and 1 3s. respectively (Ref. 
29.). 

Flax grown tor fibre lias been under review by the Fconomi(is Department of the 
Edinburgh and East of ^^x‘ot]and C\)llege of Agriculture for the past few^ years, and in 1943 
tluur investigation cov(M‘ed 895 a(T(‘s, comprised in 73 c^rojis. All tht^se were grown under 
contract for one or otlier of th<^ la(*tori(^s at Coupar and Blairgowrie. Del.ails of the places 
occajpied by flax in the crop rotation are given, together with soil tyjjes, rental values and 
details of the eflc(;ts of ol<‘vation on the (*rop. Flax can only bo grown on land ajiproved 
by the fac^torit^s and from setxl sup})li(‘d by them ; growers are expected to follow advice 
given them on matters of (ailtivation, manuring and harvesting. (\)stH of production 
ranged from £9 7s. Od. to £21 10s. Od. The average, £13, was practically identical with 
that of the previous year, l^iyment is made by grade, and at the contract ])rices payable 
for (.be various grades. Scottish growers of flax should be well satisfuMl with tlu* results 
as disclosed in tliis report. (Refs. 30 and 31.). 

(iv) Labour Studies. Labour costs will sun^ly be tlu* <lonunatiug factor in farm 
e(‘onomies in the post-war ])eriod. The iiuTeases in wages of tht' war years are likely to be 
permanent, and if there is to b(^ any marked fall in farm prie(‘s. the problem of farm 
organization so as to earn tin* uecc'ssary money must be solv(xl. It is a problem to which 
larm (^cr)nomists might w'ell devote more attention. 

A rc])ort on geiuTaJ labour costs in tlie uar years which has been issued by the Depart- 
m(‘ut of Agricailtural Economies, AbcTystwyth, contains all the materials for stating the 
pro})kmi. By September, 1944, weekly wages in Wales were 84 per etud. higher than thost* 
in SepteinlH*!', 1939, while the costs of labour per 100 acres are shown to have dimhliHl 
during this five y(*ar period. The additional 33 per (‘cul. of increase is due to a rist^ in the 
nurnlxT of w^orkers employed and to more overt-inn* employment. It was not the puiposo 
of tin* investigation to say how' these iiienuises should hi* nn4 in times of lowei* prices. 
(Kef. 32). 

One- of tlu* means by w hich to iiicr(*ase the efficiency of labour is the greater use of 
machiiUTy, and in this eonnoetion the Farm Economh*s Branch of thii (Cambridge Depart- 
nnmt of Agriculture has made a study of the comparative costs of harvesting by coinljine- 
harvoster and by reaper-aud-binder. A straight comparison is not possible, for there are 
alternative w ays of dealing with the harvest by either machine. The crop from the binder 
may be stac^ked and threshed, or it may b(t threshed straight out of tin* fic^ld ; the straw 
from the combine may be sw^ept and stacked, or it may be baled, or burnt, or ])loiighed back 
into the soil. The financial advantages of either machine are materially affected by the 
m<4>hods adopted for dealing with the crops after (jutting. 

A twedvedbot combine could cut and thresh about 300 acres, and smaller sizes in pro- 
})ortion, but tlu^re was a small saving in cost on the largcjst size. On 10 farms tlu* total 
field cost avc^ragod 19s. an acre. To this has to be added tlie cost of dealing with the 
straw, which varied from Is. 4d. an acre for burning and ploughing in, to 20s. 8d. for baling. 
Total cost of harvesting by combine, therefore, varied from 20h. 4d. to 39s 8d. an acre, 
contrasted with 42s. Id. for harvesting by binder if threshed from the field, or 63s. 3d. if 
stacked, thatched and threshed. 
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The investigation found not only a saving of coat in favour of the combine, but also a 
substantial saving in labour, a small (jornbine net^ding only half as much manual labour 
})er acre as a crop cut by binder, and the large ones showing an even greater saving (Ref. 33). 

With the co-ojK*ration of members of Young Farmers’ Clubs, the cost of using tractors 
as sourc(‘S of farm power was studied on a few farms in the Clyde Valley, by the Plconomics 
Departuicnt of the West of fcjcotland Agricultural Colleger Details of cost, such as fuel, 
lubricant, repairs, pai1»s and ov(‘Thauls, de2)reciation and servi(^e time, are given in a first 
repor t, but perhaps tlu^ most useful jroint which emerges for the attention of farmers is the 
impoi'taiice of working a full day, and as many days as possible. The averagtj cost hour 
of tractors working over 1 ,(H)0 hours was about 22id. ; for those working under 1 ,000 it was 
30d. (Ref. 34). 

r. Economic af flill Shacp Farming, 

Two Govt^rnment publications dealing with hill and upland sh<H‘p farming the one in 
England and Wales and the other in Scjotland, wen? published during the year. The area of 
rough gra/ings and the contribution which they can make to the food sujrply of the nation 
are considerable, but [roor returns have necessitated a Gov^ernment subvention in order to 
sav^c th<^ lull sheep industry. The eeonomie unccTtainty is very considerable. Bad 
weather at lambing time may cause heavy losses both of owes and of lambs, while the 
J luetuat ioiis in farm prie<}S for store lambs, draft (^w(\s and wool are sevcire. (^heviot lambs 
sold lor 4(»s. ill 1924, for I Os. 9d. in 19.32, and for 14s. Od. in 1939 ; the eorres ponding prices 
for draft ewes in tlu*- sani(^ ;^Tars won' 60s., ,35s. and 26s. For wool, the figures were 24d., 
7id., and I2id. Both ri'jiorts contemplate a conflict of interest between forestry and 
farming in the Highlands, but this possibility is reduex^d by th(* recent alteration in the 
stat us of the Fortvstry Commission, which is now a department of the Ministry of Agriculture. 

The recommendations of the Committees e(»ver a wide field, including schemes for the 
eoulrol of dis(uis{\ th(^ control of rams, the jirovision of better dipping facilities, th(j pos- 
sibilil.y of improving th(‘ (juality of hill shei'p st.ock without loss of hardiness, legislation to 
(clarify tin* riglits and obligations of the users of common land, control of the stocking of 
grazings, and bc^ttiT amenities and communal services for upland com muni ties. RestJarch 
and legislation are dir(*<;tly involved before* conditions an* likely tp be more satisfactory. 

• (Refs. 35 ajid 36), 

HI. FOOD SUPPLIES. 

In May, 1943, the United Nations Conferemco on Food and Agriculture held at Hot 
Spiings, X^irginia, U.S.A., resolved to set up an Interim Commission to formulate and 
recommend for (MjiisidejratJon by each menilxT Govcrnmv*nt a sjxH*ific plan for a Government 
organizat ion in the field of food and agriculture. 

This n4‘oi*s to the*, famous and already almost forgotten declaration of the primary 
impoi’taniM*, in the post-war period, of international action to secure “ freedom from want.’^ 
lu a ( government })uhlication nnjently issued, the documents relating to this Commission, 
its constitution and fum^tions, are set out, and those interested in this bold conception of 
a plan to raise the hovels of nutrition and standards of living of many nations, by securing 
iTn])rovcmerits in th(* effiekmey of the production and distribution of all food and agri- 
cultural products, ‘and thus contributing towards an expanding world economy,’ will find 
in it tlu^ fullest information of its scope. (Ref. 37). 

Continuing its work on war-time food rationing and consumption, the League of 
Nations has jiroduced a study of the amount, composition and nutritive value of the legal 
food rations in vai ious (countries towards the end of 1 943. As a study of war-time nutrition 
would be incomplete without some reference to })uhlic health, tins is followed by a few 
illustrations of certain tendencies in particular areas. The most serious symptom of 
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malnutrition proved to be tuberculowis, the mortality from which was estimated to have 
increased by no less than 50 per cent, in France. The publication concludes with an estimate 
of production and supply which seems to suggest that in the fourth war year, the total con- 
sumption of food may have declined to roughly two-thirds of the immediate pre-war average. 
Details of production are given for most of the European countries (Ref. 38). 

The pooling, in principle, of the entire food resources of Great Britain, Canada, and the 
United States necessitated the creation of a Combined Food Board to secure a common basis 
of calculation of rates of commodity consumption in the countries concerned, and for a 
consideration of their diets as a whole. In March 1943, this Board resolved to set up a 
Committee of experts to study and compare ‘ the pre-war, present and prospective food 
consumption levels ’ of these countries. Its report was issued last year as a Gove^rnment 
publication, and it contains valuable statistical information both on nutrition requirements, 
and on th() nutrients available during the war years. (Ref. 39). 

IV. MISCELLANEOUS. 

One of the greatest problems confronting the Allied Nations in the resettlement of 
Euro])e is the agrarian problem in the peasant countries. From the Baltic to the Aegean, 
})articularly, stretches a great area populated, in the main, by peasant peoples, unassociated 
with industrial development and forced to follow an organization of agriculture giving, 
relatively, a low standard of living. In Russia, the economic weakness of food })roduction 
on small peasant holdings is being mitigated, it is understood, through the organization of 
c‘olloctive farms. A pamphlet issiKid by the Royal Institute of International Affairs 
discusses the peasant problem and formulates a }>easant programme. (Ref. 40). In another 
pamphlet, a Soviet agricultural scientist sets out to answer the question which has puzzled 
many people in this country, — ‘ what are collective farms ? ’ (Ref. 41). 

(I S. ORWIN. 

AoaioifLToriAi. PIoonomics Kesk\rc'K rNSTiTcrr., 

OXFOUL). 
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NUl'RTTION OF DAIRY OOWS AND BEEF CATTLE. 

Urea as a protein suh'iHfufe. Interest in this aspect of nutrition continues to be shown 
jiarticiilarly in Americ^a. It is reported that, for the best utilization of urea by growing 
calvi^s, attention needs to be paid to the nature and amount of the carbohydrate in the ration. 
When maize molasses was added to a basal ration of timothy hay and un^a, an active flora 
developed in the rumen and the', urea was fairly M-ell utilised but growth was subnormal, 
even with the addition of salt, bone meal and vitamin A. Normal growth was attained, 
iiow(»ver, Avluni O.Il per cent, of maize starch was added, thus indicating the need of a certain 
amount of more insoluble carbohydrate. In a test Mith Holstein cows, commenced in the 
Jst-2nd month of lactation and running for 210 days, increasing [proportions of the protein 
concrHitrate of th(‘. ration replaced by urea which was incorporated to the extent of 
1 .75 [)or c(‘nt. ol’ the ration and increased to 3 per cent, for the last four months. The yield 
of milk w as as liigh as in the (jontrol group and the percentages of fat and prokun in the milk 
were not sigiiifieaiiily diiie.rc^nt. There was no evidence of unipalatability or of digestive 
disturbance. Trials with fattening steers showed no evidence of any liver or kidney 
damage aftm- feeding urea up to 2.3 per cent, of the ration for periods of J 86-244 days. It 
is suggested that the harmful lev(4 for cattle may lie somewhere between 2.3 and 2.8 per cent, 
of the dry matter of the ration. 

Contrary to the findings of the Jealott’s Hill workers for cows and sheep, referred to 
ill the last Guide, an experiment is reported from America (Ref. 1) where ammoniated beet 
pulp replaced ordinary beet pulp in a firotein-doficient ration for calves, thereby increasing 
the crude protein content of the ration from 6.9 up to 12.4 or 17.0 per cent. The calves 
\ver(‘ fed over a period of 225 days and, whilst the animals on the basal ration quickly showed 
signs of protein deiiciimcy, the animals receiving the ammoniated beet pulp gained an 
average of 1.6 lb. daily. The blood composition of these animals was normal and, at 
slaughter, the livi'rs and kitlm.ys were normal. The ration had no effect on colour or on 
1 lav our ol the meat when roasted. Replacements of molasses by starch in the ration 
produced no lienoficial ellei t. A control group receiving their supplementary protein in 
the form of heated soya bean meal gained 1.06 lb. daily. 
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lodinated protein as a stimulant of milk production. The results obtained in this 
country and recorded in a preliminary report referred to in the last Guide find ample 
flijpport from three series of trials carried out in America where either iodocasein or a thy- 
roprotoin (protamone) was fed to cows at different stages in lactation from three months 
onwards. In every case there was a marked increase in milk yield and percentage of fat in 
the milk and a concomitant fall in the body- weight of the cows which, as reported from one 
centre, was more than made good in the post-experimental period. A note of caution is 
sounded from one centre, where rises in body temperature were observed, as to the 
advisability of feeding such compounds during warm summer weather. 

Turner and Reinoke (Ref. 2) in a more detailed study found that such iodoproteins were 
inefficit^ntly usenl by cattle and other ruminants. If the material was given orally in 
ea[>sules the requii’emcnt was about halved as compared with administration by drenching. 
Subcutaneous injection reduced the r(‘(|uiroment to about 5 per c(uit. of that nwded by the 
latter jiroc^ess. Feeding by tube diiect into the abomasum or true stomach had no more 
effect than with normal, oral feeding. Preliminary breakdown of the iodoprotein by hyd- 
rolysis showed tliat the njsulting product, when given orally, was about twice as effective 
as th(^ original iodoprotein. Tluj results give no evidence of breakdowai of the iodoproteins 
in tln^ rumen but sugg(\st that their relatively low utilization by ruminants may be due in 
part to th(5 low digestibility of such materials in the ruminant alimentary tract. 

Self-sufficiency on a dairy farm. A valuable and interesting record comes from the 
Hannah Dairy Resc^arch Institute (Ref. 3) of the cropping of their farm for the season 
1V)40-41, During that year, no feeding stuffs wore bought in and 18,500 gallons of milk, 
distributed (^pially betw'eon summer and winter, w’^erc produced on about 140 acri^s of which 
134 acres were (jultivaUd. From the findings of Ltutch and Godden (Ref. 4) for the overall 
<'fficuuK*y of milk production, taking into ac.count the complete life cvcle of the animal, it 
was concludcMl that, for every gallon of milk x>roduccd, the total protein (Hpiivalent to be fed 
to the h(*rd vas 2 lb. On this basis, a cropping system was evolved and, allowing for the 
acreage and estimat(‘d yield per aero for each crop (based on agricultural statistics) it was 
cahailated that th(^ total ;yield of milk should have been 20,540 gallons. When based on 
actual crop 3 U(ilds and allowing for (^rops sold off, the figure was 20,072 gallons. These 
figures mak<i no allowaiu'o for the fact that the land su])poi1.ed, during the siv winter 
mouths, over OJ, score of stock lambs from a hill farm. 

In attaining those results, ])articular attention was paid to thn^*! ])oints : --(1) the 
growing of increasf*d acreage of arable crops, j)articular]y of beans, soiling and catch cro})s 
and kale ; (2) Improvement in the management and fertilizer treatment of tlu^ grassland ; 
(3) Use of modein methods of grass conservation. The results obtained show up well in 
comj)arison with those for Scotland as a wdiole ; for six dairy counties in H)38 ; for eighty^ 
selecitod dairy farms in 1937-38 and for Ayrshire in 1938. On the Institute farm, th(\y had 
a greater herd of cattle per 100 acres, a greater herd of milking cows per 100 acres, mon^ milk 
])roduc(jd for sale X)er aero jjer year, and more milk produced for sale jH'r cow^ per year than 
in any of the other areas. 

Home-grown foods for milk production. In continuation of his studies on the use of 
homo-grow n foods for milk production, Blaxter (Ref. 5) has examined the effect of over and 
under feeding at the period of mid-lactation. Four groups of three cows were iod for three 
weeks at mid-lactation at three different levels of food intake. The control group ( 1 ) received 
a ration of bulky foods to cover maintenance and the production of the first 15 lb. of mUk 
daily and concentrates in proportion to any milk in excess of this. Group II received the 
same ration as Group 1 plus 4 lb. of hay and 16 lb. mangolds ; Group III as Group I plus 
4 lb. of concentrates equal in feeding value to the extra hay and mangolds fed to Group II. 
Group IV received the same ration as Group 1 minus 4 lb. hay and 16 lb. mangolds. The 
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changOH in milk yield were comparatively slight and only significant in Group IV. In this 
group a rixliKjtion of 2.h lb. S.E. and 0.57 lb. P.E. daily only resulk^d in a reddction in the 
milk yield of 14 lb. werJdy, or about one-fifth of what the reduction in the S.E. could cov^r. 
Tt is recommeudod that, where short-term food shortages occur in well-f(‘d herds, economy 
should take ])lac(‘ in the rations of cows in mid-lactation rather than of cows soon due to 
calve. 

In a small scale t(^st, it was found that there was no differential effect on milk ymld or 
coTn])()sition by spn^ading the bulky ration over 3, 4 or 5 meals daily. (In one case, 50 per 
cent, of tlie hay was kef>t for an 8 p.m. feed). There appeared to be no advantage in in- 
cn^asiug th<^ TunnlKT of m(*als into which a ration is divided or in spreading the ration over a 
longer jxuiod of the day. 

It was conchuhxl that whert^ small cpiantities of bulky foods of tht^ hightvst- (juality are 
f(‘d under (conditions of “ herd rationirrg ” as o])posed to “ individual rationing.’^ very large 
differences in th(c food (ionsinn])tion of individual cows is likely to arise to the detriment of 
the smaller, younger beasts. Only foods of the lowest feeding valute should be fed at 
])asture or in yards or else the heifers and smaller cows should be segregated and their 
allowance of high-grade bulky foods given separately from that of the main herd. 

Grazing habit From Amerirca (Reef. 6) ('oraes an account of the study of the grazing 
habits of Aberdeem-Angus and Ifcreford beef (H)w\s on jjastun' witliout sup])h*mentary fading 
over continuous 24 hour peciiods during July, August and September. J'he pasture had 
a good grow th of Kentucky bliu'grass and wild wdiite clover, and water was laid on. During 
a 24-hour })(*riod the f•ow^s spent from 7-8 hours only in grazing whatewor the huigth of thti 
herbagcc. Of this tinuc, about 5 hours w'on^ a(ctually cm])loy('d in gathering heerbage and 
tluc rest in walking short distances and in selecting areas to graz(*. About OO per cent, of 
the grazing was p(?rformod by day, the average distanc^e travelled Ixung about 2 miles, and 
40 p<‘r cent, by night, the average^ distance travc^lled being about I mile. The time spent 
in lying down was about 12 hours and in cudding 7 hours. The fnHjiuuicy ol urination 
was 0 times and of dt*fe(^ation 12 times in the 24 hours, the amount of dung b(ung about 
4t) Ib, and cov('rin<i an ar(*a of 8 S(|. fwt. The animals drank omx* only usually in the late 
aft(Tnoon and thi' calf siuhed thn^e tirn(*s, each for about 15 iniu., at 8-hour intervals. 
With a (l(Uis(' sward, 4-5 iMch(*s high, giving about 4,500 lb. of greem h(‘rbag(' to the acre, 
t^ach cow was able to consume aliout 150 11). of gnxm luu bage or 32 lb. of dry matter daily. 
As the amount of luM bage, of tla^ same luught, decreased to 2,200 and 1,100 lb. ])er acre, the 
intak(‘ (xirresjiondjngly decreased to 90 (20 of D.M.) and 45 lb. (10 of D.M.). When the 
jiasture was 10 incht's high and the yi(dd 5,000 lb. per acre, the intakes was 70 lb. of green 
herbage or 20 lb. of dry matter, 

(^nlj rearing, llioinjison (Ref. 7) reports a somewhat drastic method which has been 
carri(x) out on a Cumberland farm whe^reby calves w^ere reared with the minimum of milk. 
For th<^ first thnx; days, th(^ cuilvc's rc'ceived the boastings and for the next three days a (]uart 
of milk and a yiint of warm wdter morning and evening. When the (talf W'as 4 days old, a 
lit th* dry focxl was j)lac(xl in the buck(d. aft(T the milk had been consumed and was offered 
at each meal until the calt began to eat it. The milk was then gradually replaced with warm 
water until at the end ol a foHnight all the milk was repla(*ed and \ lb. of dry food was being 
(jonsumod. the water b(*ing offered first foUow^ed by the food. Then hay was gradually 
introduced and, in the second month, the dry f(X)d was increased to li lb. and about 1 lb. 
ot r^jots* w^'is given. The dry food used in this case was crushed oats, bran, linseed, calf 
cak(‘ in the proportions of 3 • 1 : 1 : 1. The calves wore not quite in the same condition 
as when giv(m larger amounts of milk but they had a good bloom and progressed favourably 
as they gn^w older. 
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NUTRITION OF SHEEP. 

Further evidence comers from Australia and South Afiica in .sux)])ort of the relation- 
ship between nutrition and the incidence of pregnancy toxaemia. The former workers 
agre(^ with th(^ view that the diseast^ is associated W'ith, if not caused by, disturbed carbo- 
hydrate metabolism due to tht‘ combination of a low^ calorie intake and a high demand on 
the ewci in late })r('gnancy. It can b<‘ prevented by providing a diet- caj;)able of maintaining 
live weight increase in the ewe during the last two months of pregnancy. The South 
African workers jioint out the harmful effeid- of a sudden change in the di(‘t from full feeding 
to poor quality hay at the beginning of the fifth month of pregnanr;y. The condition was 
relitwed somew hat by a daily supplement of | lb. of molasses. This dosage was not adequate 
to (uiuse normal lambing or to maintain weight but could not be exceeded without severe 
(liarrho(‘a (msuing. They conclude that obesity is a ])otcnt- factor in the causation of 
pregnancy disease. From Amerii^a comes a rejxirt of a farm on whicli a c*onflition n'sembling 
pregnaiK'V toxaemia occurrt*d in a flock of cwh's on a ration of luceriu^ hay (low i?i carotene) 
and maize silag(‘. It was ap[)arently due to a vitamin A deficieMicy and the addition to the 
ration of daily individual doses of ;5(),(K)0 I.U. of vitamin A promobxl a disappearance of 
k(^tonuria and a clini(‘al nsKivcry in surviving cases which wiue not moribund. 

In the Australian work, referred to above, it was found that a high kwel of firc-mital 
hH‘ding, in one year such as to givt‘ a mean livtMveight in(‘rease during pregnancy of 30 lb. 
and in a second year of 20 lb., gav(‘ an inert'ase in birth w(*ight and growtli rate of both single 
and twin lambs as conqiared with lambs from ewes on ri'stricted grazing which just main- 
tained th(‘ weight of the ewe. Th(‘ W'orkers doubt, howiwcr, wdiether the differences 
betwecui tin* lambs w('re suffici(‘nt to make this liigh ])re-natal f(‘edinu economic. 

NimUTlON OF HORSES. 

In their (‘fforts to save* cenails for human consumption, the (h'rmans bavc^ beim trying 
to tind substitutes for oats in the* ration of di aught horses. From one c‘entre it is rc'.ported 
that (it) lb. of raw potatoes, 4J lb. of sweed. lupin meal and b lb. each of hay and chaff sufficed 
to maintain borsc^s, weighing 1 ,30d-l ,400 lb., in jierfect health and good ap])etitc' under the 
most stnmuous working conditions. With horses on light work, the foddtT and sweet 
lu])in meal could be reduced. It is desirable to make the change' over from oats to ])otat(Xis 
and lupin meal vf*ry gradually and to use good cjuality, well washed [lotatoes chojiped small 
and fed in weighed quantities at rc'gular intervals. In place of the raw^ potatoes, the ])ulj) 
whi(*h remains altc'r the manufacture of starch from potatoes, if pressed and dried, (;an be 
used. A pound of' such ])ulp replaced 2| lb. of raw' potatoes. 

From Russia comes a nqiort of an investigation of 13 studs in which an ('pizootic* occur- 
reiKie of abortion w^as found to be du(% in the majority of cases, to defective died; and that it 
only assumed an infectious aspect later due to the low' resistance of stabled animals. The 
animals were stabled and had been changed over too ra])idly from gr azing to stall feeding 
with fodder of low' nutritive valiu'. 1 1 was found that the feeding of sprouted liereals resulted 
in a decrease of all kinds of abortion to an insignificant level. The best results w(>re obtained 
by feeding a supplement of J-l|^ O'/. of bone meal and 7 oz, of sprouttnl wheat, or sprouted 
grain alone and 3-4 hours’ exercise daily. Gestation then ran a normal course, parturition 
was normal and strong, viabk' foals w'ere born and the mares came into licat quicklv after 
foaling 

NUTRITION OF THE PIG. 

Pahn kernel meal for bacjm pigs. Dissatisfaction has from time to time been expressed 
pig feeders with regard to the supply of palm kernel meal against coupons in the cereal 
category on account of its low palatability. Woodman and Evans (Ref. 8) have aceordin ^ly 



46 


The Feeding of Livestock. 


investigated its use. Digestibility trials with pigs of 130-140 lb. live weight showed that 
100 lb. of dry matter in palm kernel meal contain 65.8 lb. of digestible organic matter as 
compared with 65.4 lb. in farm ground oats or 64.5 lb. in fine bran (the fine wheat feed 
resulting from milling at the 85 j3er cent, extraction level). 

Feeding trials showed that, whilst the meal is too fibrous for inclusion in more than very 
small amounts in the ration of newly weaned pigs, from 50 lb. live weight onwards it may 
be introduced and gradually increased to 15-20 per cent, of the total ration and, from 100 lb. 
live weight, up to about 33 per cent, and then retained at this level till slaughter. In times 
of shortage of oiher fticds, it may be raised to as miKjh as 50 per cent, at 150 lb, live weight 
j)rovided the other ingrcdicuits f)f the ration are palatable, but there may follow a slight 
doj>rossion of appetite and the pigs may be, at times, rather “loose.” There should be no 
difficulty in maintaining a daily live weight increase of 1 lb. to slaughter or in })roducing a 
satisfactory finish. Ju introducing the meal into the ration or when increasing the amount 
already ])resent, such changes should be made gradually. 

It must be remembered that i)alm kernel meal contains only about 12 per cent, of 
digestible crude juotein and must not be regarded as a protein-ricdi food. Its use does not 
preclude the nect^ssity for feeding some protein-rich food, e.g.y white fish meal, to make 
])rov]sion for th(‘ protein requirements of bacon j>igs. 

Inckk^ntally, in these trials, th(^ control pigs were fed from 1501b. to slaughter weight, 
owing to war-time conditions, on a ration of 85 per cent, fine bran or fine millers’ offals, 5 
per ceiit. lucerne m(\‘il and 10 pci cent, extracted, decorticated ground nut meal, with 2 per 
(*(‘nt. of a min(*ral mixt ure added, and only gain<‘d 1.07 11). i)cr day with a mean naiuinunont 
of 6.07 lb. of meal jxr lb. ol* live weight gain. This indicates the jioor results that may be 
expected from pigs on war-time rations containing very high pro])ortions of fine bran or 
fine millers’ offals. 

Sotircps of protein. Two ])apers by Jlraude et nl (lief. 9) have a])])ear(Hl re(‘ently in which 
attention is drawn to the fact that, when yeast at levels up to 20 per cent, is us(kI as a source 
of y)rotein in rations for growing pigs, rickets is liable to develop. Addition of cod liver oil 
or calciferol (vitamiii D) j>revented the o(?cummce of the disease^ and larger dos(^s of 
cal(‘iferol (3780 I.U. ])er day) cured animals that had developed severe rickets on the yeast 
di(‘t. The addition of 4 per cent, of chalk also gave distinct improvement but not complete 
[)rotoction and it do^^s not ap[)ear that the rachitogenic t'ffect of the diet is due sole!}- to the 
high content of available phosphorus. 

Feeding trials with potatoes show that th#? value of j)otato protein, when fed as the .sole 
source of jirobnn or when suppleirumted with 1-6 })er c(Uit. of casein, was consistently lower 
than that of barley protein f(»d under similar conditions. Other work has shown that dried 
potatoes, as flakes or slices, can be included to the extent of 40-50 per cent, in rations for 
fattening pigs jirovided due* attention is })aid to balancing the ration a.s regards protein and 
minerals. In this roH[>ect, the flakes ajipeared to be slightly superior to the slices. 

Alleged toxicifg of cod liver oil for pigs. Trials with four different samples of cod liver 
oil, one of dog-fish liver oil and one of sjKjrm oil, fed to pigs between the ages of 20-142 days 
in amounts increasing from onc-sixth ounce up to 2 oz. at weaning and thereafter 4 oz. daily, 
failed to product^ any clinical or post-rnmlem evidence of toxicity such as has been reported 
for herbivora (Itef. 10). 7'here was slight retardation of growth between weaning and 80 
days with tlirce of th(‘ samj^les of cod liver oil but this was thought to be due to the mech- 
anical laxative effect of an exccs,-iivr intakt* of oil rather than to a specific growth retarding 
factor. Tliese results confiim earlier findings by the same authors (Ref. 11) that genuine 
cod liver oil or marine (>ils are not primary etiological factors in the causation of toxic liver 
dystrophy won when administ/fMed to pigs in exce.ssive amount. 
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POULTRY NUTRITION. 

Soya beans as a source of protein. Indian workers report that soya bean meal was not 
such a good source of protein supplement to a basal ration of wheat bran, yellow maize and 
ground oats as was separated milk for week-old chicks even when ground limestone and 
green food were given in both cases. There did not api>ear to be any difference in nutritive 
value between extracted and heat-extracted meal. American workers, however, report 
that if soya bean meal is to be used as the sole source of protein for chicks, it recpiires to have 
re(*eived suitable heat treatment during its manufacture. Such a diet was improved by the 
addition of 3 per cent, of meat scraps and 5 per cent, of dried skim milk. Yeast protein 
and plant proteins were found not to he suitable suj)ple.ments for soya bean meal. Other 
workers, however, found that a combination of sesame and soya bean meals gave maikedly 
bettcir results as the sclo source of protein for 10-day old chicks than either meal S(^parately. 
Sesame meal alone gave very poor results. 

For laying pullets a ration containing 9 per cent, of soya bean meal and 9 per cent, of 
fish meal or one containing 9.5 per cent, of soya bean meal and 9.5 per cent, of meat scrap 
gave practically as good results as a similar ration with 15 })er cent, of fish meal, when 
measured by egg production, food consumi)tion or food consum})tion ]>(?r dozen eggs. All 
groa})s showed satisfactory gains in body w(nght and little difference in viability. In 
another case where | or all of the supplementary protein was supjdied as soya bean meal 
and the remainder, if any, as meat scrai>s, there was no difference in egg j)roduction or 
hat(*hal)jlity between f he throe level of soya b(^an meal feeding, although body weight tended 
to inij)rove where some animal protein was given. 

Lend and type of protein. The pullets which, as reported in the last Guide, were reared 
on diff(*rent levels of protein of animal and vegetable origin were continued for a one-year 
laying period on similar rations (Ref. 12). The low level of protein (12.5 per cent.) failed 
to give satisfactory results for egg production, egg weight, days to first egg, or body weight 
of the birds. The highest protein level (17 per cent.) was su])erior to the medium level 
(14.5 ]KT cent.) only in egg size and days to first egg. Feed efficiency was grtiatest at the 
medium level. The highest protein h^vel appeared to bo a greater predisposing factor to- 
wards mortality than the other protein levels. The general findings were that, on the basis 
of feixl cost, the medium level of protein was more economical than the low or high levels ; 
that animal j)rotein was better than vegetable j)rotein even although the latter was supple- 
mented with 2.5 })er cent, of dried buttermilk powder, and that birds kept in battery cages 
did better, in all respects, than those kept in laying pens. The level of the protein had no 
effec^t on hatchability but, in this respect, animal protein was better than vegetable protein. 

Unlike powdered swine hoofs (see last Guide), hoof and horn meal does not seem so 
satisfactory a source of protein for poultry. It is an inadecpiate substitute for fish meal 
and, in the absence of the latter, cannot adequately replace meat meal. It did not show any 
supplemental effect with any of the vegetable proteins with wliich it was tried and w^as, in 
fact, rather inferior to them. 

Kitchen ivaste. Two types of this material have been tested for growing chicks (Ref. 
13). Cockerels were successfully reared from 1 to 9 w^eeks of age on a ration eventually 
containing 50 per cent, by weight (25 per cent, on a dry matter basis) of standard, serai- 
dried, processed food waste. Capons were also fed from 9 to 36 weeks of age on a ration 
containing up to 96 per cent, of the food waste, but bettor results were obtained if a small 
amount of meat meal was included in the ration. Pullets were reared satisfactorily on a 
ration containing 65 per cent, of the food waste, but did not do so well when 80 p<w cent, 
was used. 

A fortified dried food waste, containing 25 jjer cent, of crude protein, was fed at a 30 
per cent, level with 70 per cent, of National Growers’ mash to young chicks from 10 weeks 
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onwardK without any harmful of foot on health but gave a .slightly lower live weight at 32 
weeks than an all-mash Tution. The safe upper level for its use seemed to be 30 per cent, 
but oven at that level the food cost was liigher than for the all-mash group. 

Further evidence* has bcum ])roduced that tin? maximum levc^l at w Inch semi-dried town 
kitchen wast<^ (*an lx* us('fiilly incorporated in a ration for laying birds is one which j)rovides 
not more than two-1 birds of the dry matt(ir of the ration. There is evidence that t he ftx^ding 
of such a bulky ration to the male may be partly responsible for a lowering of fertility in 
the eggs. 

lieMricled feeding, Th(* reduction of food intakes of growing pullets to 1)0 and 80 per 
cent. r(‘sp(^ctiv(»jy ol that of a full-fed control group showed that the two restricted groups 
at the* end of reaiing did not differ significantly from each other in body weight but were 
14-10 per cent, lighter than the (jontrol birds (Ref. 14). For the laying period, all birds 
were fed to appetitt* and there w'as no mark(‘d difference betwexm the three groups as regards 
food consumption, i^gg production or body weight at the end of the laying peri d. Other 
bii'ds wer<*. ke]>t on their lestricted rations during the laying period. Those receiving 90 
p(T cent, of the control food intake maintained their egg production but lost weight. The 
group rec*i‘iving SO ]Ka‘ cent, food intake had both their egg ])roduction and body weight 
advers(‘ly affc(d(^d. Modix’ate food r(\striction may be jiractised as a war-time expedient 
w ith consecpient saving in food but i( should not be 2 >ushed too far. 

Milling offals. In the last (htide an account was given of the w’ork of Woodman and 
Evans with ref<n‘enc(^ to war-time milling offals an<l their nutritive value for shoe]) and 
pigs. Hainan (Ref. 15) has now reported along the same lines foi' poultry. Up to 1942, 
tlu^ fine bran Avas a bett<T product, than pre-war bran and the coarse bran a ]>oor('r jiroduct. 
The introduction of barley into the gri.st in 1943 lowered the availability of the fine bran by 
just ov(*r 25 }H‘r e(*nt. It would apjiear that, in the two ty})es of 1942 bran, only the starch 
pr<*sent was utilisable but that, in the 1943 bran with barley in the grist, (*ven all the* starch 
was not fully dig(*sted or utilised. Fine grinding of the coarsi* bran had no appreciable 
(dfect on its availability for jicultry. 

FoUifo prodnef^, Hainan (Ref, Hi) finds that raw potatoes, though n*adily consumed 
wIkmi mixed with other foods, wen* not readily utilised whereas lioiled (lotatoes were. The 
(‘uergN of lib, of cooked [lot.atoes was ecpial to tliat of 5 lb. of raw^ jaitntoes. The food value 
of ])roeesst*d, dried ])ot, aloes depended on the nature of tlu* heat treatment. Thus low 
R'nifierature dried potato shreds had the lowest digestibility and availability of th(* three 
forms tried. Potato slices dried in a sugar factory approximated in nutritive value on 
a dry matter basis to wt‘U cooked ])otatoes. d'he results emj>hasise the desirability of 
prop(T (‘ooking of potat.oes intended for poultry feeding. 

(GENERAL. 

Hmefcen, Results recently rejiorted from Jealott’s Hill (Ref. 17) indicate that the 
ensiling ot bracken is unlikely to ])rovc jirofitable. Bracken cut in June was ensiled with 
and without molasses. Over-heated silage, without molasses, was moderately ])alatable 
but. its digestibility was low. Sihyre made at lower temiK^ratures, with or without molasses, 
was un])alatabk and, in some* easels, absolutely refused by sheep. It.s digestibility, though 
slightly higher than that, ol overheated silage, was still low. Ensiling caused, in either case, 
a serious lowering of th(* iligestibilitv of the protein. 

Pen -canning by-products. The materials examined by Woodman and Evans (Ref. 18) 
were greim ])ea }) 0 (ls, pea pod meal, })ea pod silage and molassed silage from pea haulms 
with pixls. All lh(* malt'rials contained from 12.8-15.0 per cent, of crude protein, 1. 6-2.3 
})er cent. and 0.43-0 b() per cent. PaGg on a dry matt(ir basis. 

Pea pods yield an eveellent silage providing they are tightly trampled and a means for 
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draining off the effluent is supplied. Mtdasses need not be added. The product is much 
relished by sheep and cattle. Digestibility trials with sheexj show that 100 lb., containing 
27.5 lb. of dry matter, give 15.9 lb. H.E. and 2.3 lb. digestible crude protein. Pea haulms 
and pods, when ensiled with molasses, gave a satisfactory silage which was also n^adjly I'aten 
by cattle and sheep. Its composition varied somewhat in passing down th(‘ silo, but, ou an 
average, it contained dry niatka- 23.6, vS.E. 11.6 and dig<^stible crude ]>iotcin 2.0 ])er c(‘nt. 
Pea pod meal had a low palatability^ when fed alone and gave 59.6 per cent. S.E. but only 
3.4 per cent. P.E. on a dry matter basis. 

l)ig(istibility trials with 2 bacon ])igs of about 160 lb. live weight showed that the pigs, 
after thoroughly masticating steamed pea peds, reje(‘tcd relativel\ large mass(\s of c*hewed. 
fibrous residue. Pockets of such material w(‘re discovenal m tlui dung suggesting that 
constipation, with possil)lc risk of stof>page, might r<isult from tlu* indiscriminate heeding 
of f)en pods to ])igs. 

Sir ill. Woodman and Evans (Ref. 19) have extend('d their investigations into the 
(*harai*U^r and (*-om posit ion of (collected urban swill as atfeeted by seasonal variation. 
SumuH'r swill was charaet<u*ised by larger (|uantities of ])ea pods with cabbage loav(‘s and 
stalks and bread. Its dry matter had a higlua* content of ]>rt)t(4n and calcium and lowei' 
(‘ontent of N-fn^' (^\tractiv(*s than wint.(‘r swill which was chaiacteris(‘d by largii (piantities 
of potato peelings with eabbag<^ leava^s and other vi'getablc residues. !*igs niad(‘ mort‘ 
efticient use of the swill than did she(»p. One ton of fiesh winter swill (70.2 jier cent, 
moisture) waaild on an av('rage, contain as much digestible organic matter as 0.34 ton of a 
mixture of barlev and c()ars(‘ middlings (2 : I). One ton of fresh siimnuM* swill (69.9 per 
cemt. moisture) would lie (npial in digestilile organie matU^r content to 0.35 ton of coarse 
middlings. 

.Mitierols in Po^/nre. An intia'csting puhlieation lintnnng updo-date our state of 
Lnowkdire on this subject, lias Imm'U pubJish(‘(l by the Imjierial Bureau of Animal Nutrition 
(Ref. 20). It d(ials mainly with tiu' influiMiee of so-ealled “ trace* ” elements on the* health 
of farm animals and shows liow investigations in the last 10-20 y(*ars have heljied to solve* 
inariv prohkuns of disc'ase e*()n(*erne‘d with the grazing animal. 

W. (HIDDEN. 
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GENERAL FARM MECHANIZATION. 

Ln last year’s (Utide refen^nce was made to some trade estimattwi of U.S.A machinejry 
re({uirements for agriculture in the first post-war year. Duo to wartime restrictions on 
manufacture tliere was likely to be a storcd-u]) demand, equal in the case of tractors and 
mon^ modern types of equijiment to at least twice the normal unrestricted annual outfmt. 
Silicic tluui there has come to hand a very eomprehensive statistical review of the jiosition 
from th(‘ Ameri(^an farm(‘r’s point of view. This is a U.S.D.A. report which gives, for each 
State siqiarately and for each of the main implements, the estimated total numbers on 
farms on tlanuary Jst, 1942 and 1945, together with estimates of agi^, size and work done 
in 1941 (Ref. 1). In siiite of the manufaeturing restrictions referred to, the U.S. tractor 
population shows a 12 per cent, increase over the throe-year period and, during 1944, passed 
the two million mark. The report ])oints out that some harvest appliances like corn pickers, 
combines and ])ick-u}) balers constituted a larger share of total profluction during wartime 
than in the immediately preceding years so that, in their cas(^, the proportionate increases 
have b(Hm higher. The outstanding examjile is the pick-up bah^r whose numbers have 
inen^ased by t)7 per cent, during the period referred to. In general, it is pointed out that 
manufacturing limitations, acute shortage of skilled labour, and large cash farm incomes 
hav(» togetluu' resulted in a greatly increased demand for equipment, and in markedly 
incr(*as(‘d pri(‘es for si^cond-hand machines. As a result, the figures given for numbers on 
farms includi' an appreciable jirojiortion that, according to normal standards, would have 
jiassed their jieriod of usefulness. The report estimates, for example, that something like 
15(),(KK) tractors are in this condition. Those facts have been outlined not because they are 
at all surprising — indeed, having regard to our smaller scale of things and more recent 
adoption of wicUu* mechanization, much the same state of affairs probably exists here — but 
because they emphasise, one very unexpected feature in the American figures. This is the 
general and quite sti'ady deiTcase in the number of binders, both tractor and horse drawn. 
For example, in MicJiigan — whore farming is small-scale, unspecialized, and not particularly 
highly mechanized — ^there were estimated to be 62,900 horse-binders, 8,500 tractor binders, 
and 9,200 combint's on farms at the beginning of 1945. Over the previous three years 
binder numbers had fallen by some 10 x>er cent, for horse-drawn types, and by 6 per cent, for 
trac'tor types, while combine numbers had increased by over 50 per cent. Further, it was 
estimated that in 1941 — i)ra(*tically siieaking the last pre-war year in- America — the average 
horse or tractor binder in Michigan did only 26 hours of work a year while the average com- 
bine did over a hundred hours. Additional emphasis is provided by information given in 
another pajior (Itef. 2) . a stud} of methods practised on a group of 46 Michigan farms each of 
which grew on averagi^ not more than 50 acres of grain crops. This showed that over three- 
quai lers of the farmers used combines — either their own or a neighbour’s. As has been said 
this tendency is quite general : it is to be seen equally in the returns for the Dakotas which are 
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concerned mainly with wheat growing, or in those for Iowa where (subject to the over-riding 
importance of maize) oats is the main grain crop. It would seem that, regardless of almost 
any other consideration, the sheer direct labour-saving appeal of combines is irresistible, and 
that the tractor binder is becoming obsolete almost before it had challenged its horse- 
drawn counterpart. It is probable that the same tendency would be observable with other 
cro})S : that the spectacular increase in pick-up balers already mentioned would be offset 
by a general decline in havloaders (for which no statistics are given). In the same way the 
corn (i.e. maize) picker is probably ousting -the corn binder. 

The second x^apcr mentioned above (Ref. 2), is a study of farm labour efficiency by th(^ 
Farm Management Section of the Michigan State Colk^ge. It analyses and compares 
management data from two groups of farms one of which shows a high degree — and the other 
a low degree —of overall labour efficiciKiy. P]fficiency is measured in tcjrms of what are 
called Production Man Work Units. A work unit is what an efficient man should do in a 
1 0-hour day, and the number of units corn^sponding to tuich kind of product is laid down 
on a fixed, and rather arbitrary scale. Thus a dairy cow is reckoned as 15 1^M.W. units, 
an acre of maize as 3 units, and an aca-c of small grain (wheat, bark^y, oats, ct(;.) as 1 unit. 
The overall efficieiK^y measure for th<^ farm is the numlx'r of P.M.W. units severed per man 
(nnployed. Presumably the 15 units corresponding to a dairy cow in<‘ludc the growing of 
tlu) foodstuffs which sh(i (^ats ; so that if, as on Tiiany of our pre-war dairy farms, mindi of th(" 
leeding stuff was purchasexj, the number of units would n(X‘d to nxluced. The t w^o groups 
of farms nderred to av(‘raged r(\spoctively (in 1943) 370 and 1S5 P.^l.W. units [ler man 
employed. Th(' analysis showed that bettc^r choice, or better us(*/, of macliinery, w^as one 
lju*tor contributing to the comparative success of the high-efficiej\cy grouj) : th(^ farms 
concierned had rather more modern tractors, ratluu' wider cultivating implements, and madt^ 
mort^ us<.i of labour-saving ap[>liauees at liarvest time. But tlie overall conclusion was that 
tdficieucy d<*j)ends more on the farmer and the farm than on din‘ct labour-saving by nuudmie 
or method. It is iut-cresting to note that farm layout— including field size and shape — 
is (tounied as a highly important factor. This is the mon* striking since all .Americaji farnis 
t(md to be compact and rectangular in shape by eom})arison with ours. Such awkward- 
uoHHCH iis exist are those arising from a stream breaking up the gfuieral shape, or from ii 
Jo(*al patch of woodlot or swamj) within the farm boundary. If these are sufficient to 
affe(^t (ibeieney, ho w^ much more marked must be the infliiencx^ of some of our farm lay f nits : 
for cxamjikj, those diseuss<^d in a recent report from Oxford (Ref. 3). 

Another subject! which is attracting a good deal of attention in the U.S.A. is the influence 
of farm buildings on mechanization and labour saving. In oiu^ of a number of papers pub- 
lished on this topic during the year under review% Reynolds (Ref. 4) argut\s that gtmeral 
farm mechanization is ahead of the functional d(‘velopment of farm structures. Practically 
every farm product is either used in and around the farmsti^ad, or is at least finally handled 
there ; and in America, as in all too many instanc^\s hero, they seem to havi^ got to the stage 
whcTe the advantages of further mechanization in the field ar(^ lia ble to be offset by worse 
bottlenecks in the yard. Reynolds claims that improved and hett(?r laid-out buildings 
could bring all kinds of direct benefits by eliminating uni^rodiKitive work, decreasing machin- 
ery depreciation, reducing crop losses due to imjnoper handling and storage, and so on — 
and no one in this country is likely to disagree with him. Incidentally, it is interesting to 
note that included in the types of building that are being severely criticised in America are 
some which visitors from this country have upheld in favourable comparison with our owm. 
There is the two-storey dairy bam, for example, with all hay and feeding stuffs stored 
immediately above the cows so that the force of gravity can bo used to aid human effort at 
feeding time. In the Middle West, however, where bams of this kind are almost universal, 
there is serious complaint about the labour required to put the hay into these buildings, 
and the resulting bottleneck which arises at haymaking time. 
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Tlu^ Arneri(5aii Society of Agricultural EuginccrK has set U]> a new Committee on Post- 
War Objectives and, to Judge from a [)relinunary letter sent by the Chairman to the membens 
5), this, too, will take a very wid(‘ view^ of what agricultural mechanization may mean. 
In posing th(‘ (juestion, “ What is the future of mechanization in agriculture V this letter 
}»oints out that sonu^ ]>eof)le think tlu* farm is destined to become a commercial unit based 
<;ntin*ly on costs of production and margin of profit. In this vi(‘w, farms would grow 
larger, and the number of p(‘rsons engaged snialku’, until some ten p(‘r cent, of the j)opulation 
would ])iovid(‘ all tlu^ food and fibre r(‘quired for the whole. Hazen, the (^.hairrnan in 
<|Ucstion, has no doubt that with the* aid of modern ma(*hinery this would b(* entirely feasible, 
although h(‘ obviously doubts the wisdom of anything so extrenu'. “ But,” he goes on 
to say, 1 lor one am tormally committ-ed to the reduction of manual toil™ ! want fingerti]) 
contr-ol to r(‘j)Iace main might and awk wardntNss in every phase of rural living. Jf I am to 
liv(‘ on a small plot of ground with om* cow , sow and hen, I do not care to tote the hay and 
silage with a fork, shuck th(‘ corn by hand, and spread the stable manure fro. a a w^heel- 
barrow .” This would entail small machinery of ev(‘ry kind and a list, is given of some which 
might b(‘ consid(‘r(‘d to start with. Among th(‘S(‘ are . a set. of motoristal farm implements 
power(‘d by a motor which cf)uld b(‘ shit1.(\d from one to anotlau' (witli th(‘ aid of a simple* 
hoist) in 15 siH-onds ; a tw^o-way phuigh which is in front of the ope^rat or ; a f(u*tilizer attach- 
ment. which can operate from plough, mower or combine ; and a ](*v<‘lling susjiension for 
tillage impl(‘mcnts working on steep hillsides Another pa})er on agricult-ural engine<*ring 
oppf)rtunities particularly stress(\s the imfiortance of lietter education at all levels from 
CniviTsity to tin* short course for farm w^orkc'rs (Ref. b). 

'IVo jiapcTs wdiicli discuss futim* trends of dev(*lo])Tnent from thi* point of vie w^ of this 
<’ountry should also be namtioned. Tn the first, J)avi(is (Ref. 7) deals with some of th(* 
uH'chauical probluns of harvesting, and ranges ov(*r a wide field from grain crojis to potatoes 
and roots. In the* ou<* dir(K*tion he makes out a good ease for a stooking machine, and for 
an auxiliaTV'Crigined bind(*r ; while, in the other, he sket(*hes stmu* of the ideas fanciful- 
looking at presi*nt but with at h'ast. a touch of jiractn^al possibility behind them —which may 
one day ciiaf)!'* such firoblerns as th<* scjiaration of pf>tato(‘s from stones to be solved in a field 
maclmr*. lia other paper by (^ulj)iii (Ref. H) d(‘als with machinery for crop production. 
.Among ot.h(‘r things he cjuestions, on different grounds, the ])r(*sent jiojmlarity of general- 
purpose* ])lough breasts, zig-zag harrows and tractor rolls. In particular, he suggests that 
tiu* brok{*u work ol a digger jilough will vi'ry often lie drier in winter, and weath(*r down 
ladter in s})ring, than the* unbroken furrow-sli(;es which w'o still favour by tradition. 

Iiat(‘r in this article, several refcr(*nc.(*s are made to a new publication, “ Agricultural 
Engiic*ering Rc(*.ord.” This is being issued (juarterly by the National Institute of Agri- 
cultural Engineering, and will provide a welcome vehicle for the direct publication of re- 
s(‘fir(*h r(*sults in agricultural engineering. A similar ])ublication under the same title was 
started at Oxford in 1940, but had to be discontinued owing to the wai* 

TRACTORS. 

A bulletin from the Vniversity of Nebraska summarizes the operation of the well-known 
Xebrast a Tractor 1'ests from their inception in 1920 up to the end of 1 941 (Ref. 9). Since the 
latter dale no new lraf‘tor models have been put on the market so that no further tests have 
l)('(*n earricHl out under tlu* scheme. The bulletin gives in tabular form test data for the 96 
models tliat are still in ])roduetion out of the total of 308 so far tested. The report on the 
oldest, of these w^as issued in 1930. The bulletin also gives a well -illustrated account of the 
w a v the t.<*sts are carried mit and of the af)paratus used. As may not be generally romem- 
b(*r(*d jiow', thest* t(*sts arost* from the Nebraska Tracitor Law, which became effective in 
1919, and wns eiunded to “encourage the manufacture and sah* of improved types of 
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tractors and to contribute to a more snccossful use of the traotoi' for farming.” The Law 
makes two main ^[novisions. First it forbids the sale of any model or ty])e of liquid fuel 
tractor engine in th(? State until it has been “ teste.d and passed upon. . . .by a board of 
three competent engineers. . . . under the control of the State ITnivc^rsity management.” 
Secondly, it enables the State Railway (knnmission to deny to li(|uid fuel tra(‘tor companies 
the right to do business in the States if it is found on tlie (U)m[)laint of two or mf)rtj }>ona-fide 
(nistorners to fail to maintain “ an adequate s(^rvice station with full supply of j‘(q)lacemenl 
])arts within the Stat(*, and within reasonable shi])ping (listanc(^ of th(‘ said cust(^rn^'rs.” 

Ajiother technical bulletin published during the year pr(\sents at a very opportune 
moment research results which have, so to speak, been in cold storage during wartime (Ref. 
10). This is an N.l.A.E. bulletin giving in some detail the results of r(‘sear(thes on jmeu- 
matic trac‘tor tyre performance wlii(di were (‘arried out at Oxford in lJh‘19-4(b When the 
war began to curtail supplies of rubber, juieumatic* tyn^s wt‘re well cm the way t/O be(‘omiug 
universal in the U.S.A. — they were fitted to something ov(t 05 j)er cent, of all lu^w wheel 
tractors sold there over the yt^ars 1030-41. In this country, too, pneumatic tyres w(‘re 
obviously in the ascendant though in less marked fashion ; and, because of their gcu'ual 
convenience in our mixed farming, there is no doubt that the tendcuiey will (‘ontiniH* wh(m- 
(‘ver the su])ply ])os*tion allows. At the same time difficulties have b€‘(*n e\[)enenced : 
in comj)arison with American conditions mir soils are la'avuu*, more of our w^ork is doin' 
at low sjx'cds, and more is rloin* under wet conditions. Wluui these fathers combine - as 
may happen in late Autumn cultivations for exainpli' — ])neu malic tyres are liable to losi' by 
imperlec.t adhesion more than they gain tlirough lower rolling rt'sistance and the g<‘n(*ral 
conv(Mii(inc<^ already ridern'd to. Tlu^ results of the Oxfonl n^sea reliefs will (uiabk' tyn' and 
l.rac’tor manufacturers to improve practi(*al performanci' by providing wheel ('(juipnu'nl 
more appropriate to th<‘ particular tractors coiuxTued. Tln'v show that, ol th(' factors 
aftecting fineurnatic tyrc' perfonnanci*, overall dianu'tin' and ba(*k-axl(‘ wi'ight are niort' 
important than any otlu'rs This does not nii'an that trai'tors should nei'cssarily bi' mad(* 
heavkir. But thert' is all-round advantage in fitting tlu' largc'st diam(*ter wdu'cls that an' 
(consistent with ginieral (h'sign nMjuin'ments , while, for a givcui wheel size, thi'n* is a limited 
rang<‘ of ratio of ])uil to back -axle w'cight ov('r which n^asonably high tractive effiidency 
can be exf)ect(*d under ordinary conditions. If the traetoi is gi'ared to give ratios within 
thes(; limits, its performance will b(' satisfactory. If not, addc'd weight is the only ])ra(*tic- 
abke solution, (^unpared wdth the factors mentioned, tyre si'ctions and pressure are 
ri'latively unimportant, saini' is tine, with one reseiw ation, of tr(*ad jiattern, so that 

farmers should not place too much eonfideiu'c in claims that this or that, arrangement ot 
bars or ribs will make much direct difference to wheel grip. The resi'rvation is that, probably 
duo to greater flexibility, some patterns are more suec'essful in keo]>ing clean than others. 
Two reviews of this research work may be of inticrest to those* w ho find tlu* original ]>uh- 
lii'ation too technical to be easily followed. The first by Mine (Ref. 1 1) is written mainly 
from the stand] loint of the farmer-user and draws attimtion to a number of ])oiuts of pi iuctieal 
performance that it is worth wdiile to understand. The other is more technical and will b(* 
of mor<^ interest to designers (Ref. 12). There ma\ also be mentioiucd a general pa]>er by the 
jwseiit wTiter, one section of which sketches the development over the prc'-war years of 
tractor tc'sting and research in this country, and mentions some of the directions in which 
further work is being carried on at present (Ref. 13). One important jnoblem, and a very 
difficult one, is to provide the “ missing link ” which will enable horses to bt* dispensed with 
entirely. A grf'at deal has been aeeom])lished by small light tractors with eom])lett' sets of 
directly-attached implements although even with these there is, on tlie very small farm,th(^ 
filial difficulty which arises from having all the power in one unit. A parallel development 
is the new type of motor cultivator of which several models are now in limited production 
(Kefs. 14 and 15). 
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CULTIVATIONS. 

There has oncc^ more boon a [)ublic discussiou of the much- vexed question of whether 
iutensiv<" CMilti vatic ms are, or arcs not, worth while, the main protagonists on this occasion 
being a S(‘()ttish farmer and a research worker (Ref. 16). As might bo expected, the farmer 
was out to defend the great amount of work ho and his neighbours have been accustomed to 
]>ut into the job of making a sc^ed bed ; while the research worker was inclined to argue 
that “ agricultural (;rops are far more sensitive to weeds than to tilth.’* In one stmse, of 
c'ourse, this argument bogs the question, for in our climate to cultivate often enough to keep 
we(‘ds und(T ])rop(T control gcmerally means cultivating as often as available time and 
pow(‘r allow. Th(^ main discaission, however, centrtHl round depth of cultivation. It was 
point(id out on the one hand that not even a deop-})loughing enthusiast would advocate a 
sudden (diange of method. (lJultivation dc^pth should be increased gradually year by year 
and sometimes it might be advisable to subsoil first- -/.e. to break up the raw subsoil 
thoroughly a y(‘ar or so before att(*m[)ting to incorporat(' it into the general culti\ atod layer. 
On the oilier hand, fch(^ fact that it was ])ossible to grow crops without using a plough at all 
had l)eeji anqily demonstrat(‘d by the changed methods which were being used siuicx^asfully 
in some overseas an^as. It was not of course suggested that any such methods would be 
pra(‘ticabl(‘ in our very diff(‘,r(mt conditions ; yet to follow traditional methods too slavishly 
was obviously wrong. One fioint which came out in the discussion was in line with (^ulpin’s 
obs(u*vations as aln'ad}^ recorded. Thi.s was the usefulness of the digger type of plough 
body as a mi^ans of making a very close ajijiroximation to a sihhI bt^d in one operation. 

A pap(‘r by C-ameron Brown discusses the application of elo(*tricity to field operations 
from a rathiu* novel ])oint of view (Rid*. 17). He is concerned not so much to claim any direct 
advantages for field work done hy fdoctricity as to demonstrate that it can ho doncs ; because 
if‘ it W(M’e done on even a small part of our land the whole aspect of Rural Electrification 
would b(* changed. Th(‘ pa])er is certainly inten^sting from th(^ historical standpoint since it 
discloses a grt»at deal of exix'rimentation, and even of practical application, of which most 
jieoplc will hav(^ bc^en quite unaware. Ther(‘ sevm to be three main areas in which active 
progress has been mad(* : France, Algeria and New Zealand. In the Dominion at least 
five “ elf'ctrical tractors” were in regular use by 1940, and more than one farm had 
been fully (ujuipfitxl so that they could be used with nearly as much freedom of manoeuvre 
as an ordinary tractor. 

In tlui last two numbers of th<^ Guide the gradual development of the segmenting process 
for sugar beet st‘(ul has boon traced. This y(%‘ir the full results of the first properly con- 
duclixl trials to he carri(‘d out in this country have been n^ported (Ref. 18). It will be 
rememb(‘red that the use of segnu'ntixl seed aims at saving, even eliminating, smgling 
labour and at facilit-at.ing inter-row cultivations. Tlu^ main luiiqiose of these first trials 
was to see wlu^ther the scimI could Ix^ drilled satisfactorily and whether the resulting “ braird ” 
would give a sufficient ]jroportion of single plants ; but some estimates of relative singling 
labour wctc also made?. Due to most unfavourable germinating conditions, the results from 
some of tfie jilots drilliMl with viuy low seed rates were not too satisfactory. But plots 
drilhxl with u]) to 12 lb. j)er acre — /.c. not very much less seed than is normally used — ^gave 
v(ny satisfactory results from the ]dant ])opulation standpoint ; and, rather surprisingly, 
effected quite a considerable labour economy. In two trials, for example, the 12 lb. per acre 
segmented seed plots needed only 18 and 13 man hours of singling labour per acre compared, 
r(‘s}>ectively, with 30 and 18 man hours for ordinary seed at normal seed rates. In a more 
normal st^ason -or as the techuique of segmenting and grading the seed is improved — ^it should 
be possibh^ to lower seed rates without materially affecting plant population and much 
great(U‘ ('conomics should be possible. Additional and more extensive trials have been 
undertaken and, to judge frr*m preliminary indications, further progress is well on the way. 
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HAY AND SILAGE MACHINERY. 

Two machines which were given a brief mention under this heading in last year’s Guide 
— ^the one-man pick-up baler and the silage “ combine ” — have now reached practical 
fruition in the U.S.A. in the sense that several alternative models are coming on to the 
market. In addition there is a rapidly-growing interest in what is called mow drying/’ 
i,e, the artificial drying of hay in the barn with cold or only slightly heated air. Between 
them those developments seem likely to effect something like a major revolution in American 
methods of making both hay and silage, although, particularly in the case of hay, there is a 
considerable conflict of ideas so that the exact outcome is uncertain. The machines them- 
selves are straightforward enough. The typical one-man baler is a more compact version of 
the “ slicing ” tyt)e of pick-up baler to which we have become accustomed over the last few 
years, ‘with the addition of an ingenious adaptation of much the same needles and knotter 
as arc used in the everyday binder. It uses a specially strong twine, ties the bales with two 
bands automatically and is said to have a capacity in straightforward work of 3 or 4 bales 
per minute. There is also the quite unoHhodox “ roll-up ” baler mentioned last year which 
will make a very tight and wenitherproof cylindrical bale vith almost any kind of material. 
Machines of both types have been, described with illustrations in a recent article (Ref. 19). 

In addition tliere are at least two wire- tying modc^ls of the usual rectangular bale type. 

is fully-automatic but needs a specially pre})ared kind of wire : while the other (juts and 
f)laces (ordinary baling wire but needs the services of a second man to take care of the final 
fastening. Actually it is rather doubtful whether any of these machines — except possibly 
the “roll-up ” will ever be strictly one-man in practical operation. For the mechanism 
is a V(}ry intricate one to work completely unattended in all the hazards of an everyday 
ha>’field. Moreover if th(jro was any hitch in tlwj knotting mechanism there would be two 
untied bales in thi:) chamber and one on the ground bttbre even the most alert tractor 
driver could notice anything wrong. Generally, one fetts, it will be advisable to have at 
least a boy on the machine, but even so, the saving of labour in comi)aris()n with present 
Ttiethods will bo considerable. 

The silage harvester (or “ combine ” ) will cut the crop, cho]) it, and blow or elevate 
the chopped material (tther into a trailer hauled behind th(^ outfit or into a truck ruiming 
al(jngsid(j. One or two machines of this type have already been seen over here but the new 
mod(ds are much more compact and handy, and are likely to be less exptnsive, Ijx AnuTica 
these machines will Have two altcjnxative fittings : a j)ick-uj) attachment for hay or partly 
wilted silage crops and a cjorn rcajxjr attachment for silage maize. With either, the material 
will bo chopped and blown or elevated direct into the vohicjle as Ix^fore. It seems likely that 
the (jorn reaper attachment might bo so adapted as to deal witli kak\ 

Both the hay-chopping attachment Just numtioned, and the gem^ral idea of mow 
drying, arise from the particular circumstances in which hay is made over a considerable area 
in the States. Tliroiighout the Middle West and in the North Eastern States hay is almost 
universally stored in bams — actually in the top part of the two-storey bams mentioned in 
an earlier section of this article. The hay is loaded in the field much as we do it but lifting 
it into the barn and packing it away takes a good deal more labour than we should use in 
making a stack. Moreover hay which is to be put into a (‘onfined space (in a wooden structure) 
needs to be very thoroughly dried and since most of it consists of lucerne or some similar 
“ stemmy ” crop, there is a very (jonsiderable loss of valuable leaf parts if all the drying 
is done in the field. The idea behind chopping the hay is simply to make it “ fluid ” so 
that it can be blown into the bam with a conseciuent saving of labour. The idea of finishing 
off the drying by blowing cold or slightly heated air through a system of simide ducts pre- 
arranged on the bam floor, arose originally from the desire to get the hay in before the leaf 
parts had become brittle. Today, however, enthusiasm has rather run riot and attempts 
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an^ boing made to dr\' almost fr(\sh-ciit material in tins way. One recent f)af)er (lief. 20) 
give s a straightforw ard account of an experiment which may be said to have been reasonably 
successful : but the blowing j)roec'ss went on intermittently fiom June 14th to July 17th 
whi(;h would make the whole thing a rathcT long-drawn-out affair by our staitdards. Another 
pap<‘r (Ref. 21) d(‘als with a mor(' (Ja])orate series of (^x])erim(mts which aimed at getting 
mor(‘ (*xact information on a number of f)oints including the optimum rate of (lir flow ; 
eff(*(*t ol* original moisture content on final f|uality ; duration of l)lowiTig and so on. The 
r(\sults setun to have b<*.en too variable to lead to any V(‘ry definite conclusions except possibly 
that the process is not a- very good on<* for anything like rt'ally green grass : with very few 
cxc('ptions all the samples put in at ovt^r about 5b ix^r cent, moisture content came out finally 
in a more or l(\ss mouldy condition. V('t. another paper, to whicJi is appended a cpiite in- 
t ('resting discussion, deals wit.h the use of heated air, th(' main difforen(ic from artificial 
grass drying as wt know^ it being that, in almost all tht^ American instances, the material 
is hav not short grass - and is dried when' it is to be finally stored (Ref. 22). 

It will be int(‘r(^sting to se(' wlu'ther mow drying is any more successful in the long run 
than our sta(*k-drying experiments of 20 yeuirs ago. It will also be interesting to see how, 
if at all, the develo])ment is affected by the introduction of the oru‘-man baler. For, 
a(*cording to our ideas, the latt(‘r machiin* should be eaj)able of accomplishing the original 
obj('(*ts of the mow drying idea : saving of carrying labour, and ability to put up the hay 
in r'ather gn^'iier condition. Some Ameri(*an (iXjH'riments on hay baling have been reported 
by Schroeder and Ackerman (Ref. 23). Their ])aj)(‘r giv(\s a good deal of information as 
to how' oiK'-man baling works out in th(' field, togethei’ with some ])r(diminary res(^ar(;h 
rc'sults on the (dfect of baling at different densities and moisture contents. Th(‘ results are 
g(‘n(‘rally in a<*cord with those re})orted, as recalled last year, by Cashmore, (^xee])t that a 
rather lowtu* ' safe ” maximum moisture (‘ontent seems to hav(' bc'cn indicated. In the 
Ain(*rican work tlie bah's w(*>r(‘ taken straight into barn storage, w^hile t.h(' t(?ndency lu'.re is 
to leave the bak's in the fiedd f(^r the time being, and this may liavc' affected the drying- 
out {)roc(\ss. In this conni'xion, an inteiTsting feature is the consich'rable labour team 
rec|uin*d to move and store bales as last as they are made : with a haulage distance? of about 
a mile th(' w hole job needed 7 or 8 m(*n or, at tlu* normal rate of woiking, about 2 man hours 
pta* ton of baled hav . Aiiot her })ap(a' deals specifically wdth th(‘ ])rot)lem of handling bales 
from fi(‘ld to storage (Ib'f. 24). 

in silage making, too, tlu' main difficulty is to maintain a smooth flow of material 
all the way from fi(*ld to silo ; and the first immediat(' result of the new silage harvesters 
will probably lx* to make' one t^iid of it -—avoiding a bottleneck at the silo — all tho more 
difficult . No considered account of silage making with th(\s(^ new machines has yet boon 
writb'ii but it seems, from casual n‘]>orts, that tiu' ])roblem of unloading and feeding the 
blow(‘r fast, (‘uough has still to bt' overcome. It will be much easier to solve with pit soils 
than with the tower silos w^hich are universal in th(' same r(\gions as the twn-storoy hay 
barns, and a gcuieral (‘hange of method would not be surprising. 

GRAIN HARVESTING AND DRYTNCk 

A vrrv full account of the ])ractical operation of combine harvesters and of the com- 
[)U'mentary ])roc('sses of drying and storage on the farm has been given by Cashmore (Ref, 
25). For anyone who is tliinking of buying a combine, this paper gives useful information 
about, the various typ(‘s availabh' and the design featun^s which affect individual per- 
formauc(*. It also discusses the special najiuiremcmts of the various crops that may be 
{*f)mbintHl, and the {>ossil)iiities of choosing varieties w^hich will be more suitable than others 
for harvc'sting in this w^a>'. The paper is likely also to interest the established combine user 
since it includes a multitude of tips — drawn from a long and varied exj)erienoe" ~«>bout 
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adjustments and odd points which make for efficient working in th(* field. In another 
respect, too, this account of combining is better- balanced than some others which have been 
given over the last few years : it recognizes frankly that the machine in the field is only the 
first link in a chain of equipment, and deals wit h the whole seqiienct^ from standing croj^ to 
safe storage. The latter problem — storage- -has assumed an evcn’-growing importance over 
the last few years, and has many sides to it. First there is the handling side and, in parti- 
cular, the difficulticis that nui}^ arise when existing storage facilities are to be used in 
associiation with a new systcun of harvesting. The layout must bo economical as regards 
both labour requirements and (ja[>ital cost. In this connexion pneumatici elevation and 
conveying has advantages sinct‘ a sim])le pijM^-lim', is easic^r to adapt to individual circum- 
stances, and to vary when necessaiy, than any ordinary mechanical system ofelovatoi's and 
conveyors. It also fits in with auol h(‘r general line of develo])ment whi(*h is being actively 
studied at ])resent. This is the us(‘ of sj)ecially ada])t(Ml storage^ facilitk‘S as a i)artial 
substitute — or in South(‘rn disti icts possibly as a compl(‘tc substitute — for farm grain driers. 
Jt is well-known that grain can be held in storage^ at a higher moisture* content than would 
ordinarily be safe it it can be turiual over periodically. Moreover some additional drying 
will be clfected during the turning-over process, A iurthor step in the same direction is to 
use storage* bins which can be vcutilatcnl either naturally or artificially. A gn^at mass of 
<‘\[)erimental r(*sults on these tpiestions in relation to wh(‘at is given in a rec*ent U.S.D.A. 
(‘ircular (R(‘f. 2(i). But these results as they stand are more suitable for study by research 
workers and equi|)m{nt d('sign(‘rH tlian by farmers ; and tluTe are many circumstances like 
<‘limatic differ(;n(*es to be taken into account before* they can be api)lied over liere. Of more 
immt*(liate inter(*st is an account of a sim])le (*x[)erinu*nt with ventilated bins carried out in 
tlu* North of England last year (Ref. 27). It was found that grain as it came from the 
combine at u]) to 2G])er cent, moisture eonteni c.ould be safely held for several days if it were 
ventilated (w^ith the aid of a small motor and fan) for an liour or two each day. In a longer 
tixp(*rim<;nt barley originally at 2G ])er cent, moisture content was held for about 8 weeks, 
having been ventilated over this ])eriod for a total time of 92 hours. Tlu* moisture content 
had fallen to 21 .(> ])er cent, wiien the experiment w'^as discontinued, and the barh*y was then 
still in first class condition. 

Two n(*w' machines of some imjK>rtauc(* have madt* tht*ir app(*arance during the year 
and refor<*ncc to illustrated descriptions may be of interest. The first is a British-made self- 
prop(*l](‘(i combine with the larger relative threshing cajiaeitv which souk* of our crojis seem 
to r<*ipiiT\‘ (Ref. 28) It may siirjiriso sonu* jieople to recall that, tins is not in fact the first 
Bj'itish-inade combine* . a hnv large machines w'(*rc made? for ex{)ort lo years or so ago, and 
one of the same* model is still denng a sound job of work during its fourt(*enth s(*ason on an 
Oxfordshire farm. The other rnachim* is a real innovation — an att(?m])t, in tlu* small 
farmer’s interest, at the cheapest and simjilest outfit ]>ossibl(i (Ref. 29). It goes a step furtlier 
than th(^ hoad(*r (whicih rcunoves oidy the ears for threshing) : in jirinciph*, this machine 
<loes not even nmove tlu* oars — it threshes them where they grow. 

Two questions which arise from combining, and whi(?h are very frecjuently under dis- 
cussion, are dealt with in two research notes. One deals Avith tlu* question of combine 
losses, giving lioth sirnfile and more accurate methods of estimation and some results ob- 
tained in the fit*ld (Ref. 30). The total losses as measur(*d prior to 1944 varied from a 
minimum of 1 .7 per cent, with wheat to a maximum of 10 per (;ent. wdth oats. With both 
wlieat and barley the greater j)art of the loss occurred at the cutter bar. In the very un- 
favourable 1944 season some still higher figures were obtained from measurem(*nts made on 
ordinary machines as they were found working in the field, and preliminary experiments 
indicated some ways in which they might be improved. These exjmriments are now" being 
followed up by a closer study. 
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The other not(^ refers to the difficulties often experienc(Kl over ploughing-in combined 
straw, and di^seribes a novel form of disc coulter which has given promising results under 
trial (lief. 31). Finally, there may mentioned a simple grain flowmeter which will 
shortly be available and which may help farmers to regulate their drying more accurately 
(Ref. 32). 

ELECTRIFICATION AND BARNYARD MECHANIZATION. 

It is frequently pointed out that most of the more familiar aspects of mechanization — 
tractors, eornbim^s, potato harvesters and so on— have very little bearing on what happens 
in and aroiind tlu^ barnyard, and that it is this side of everyday British farming that most 
urgently needs labour-saving ap])liances. The subject is closely bound up with rural 
electrification, not because (dectricity is in any way essential for the operation of any 
partic'ular aj^plianc'c but because of its convenience and adaptability. And if ^hey are 
really to save labour barnyard appliances have nearly always to be adapted to particular 
cir(;umstances. These j)oints are illustrated in om^ instance', after another in a j)aper by 
Cameron Brown Avhich was mcntioruMl but not discussed last year (Ref. 33). This deals 
witli the whole field of olo(*tricity as an aid to further mechanization, with emphasis on the 
general trend of develo])rnent rather than on facts and figures. At the same time the 
paper gives many dtdmite instances such as an automatically-controlled grinding instal- 
lation, a particular layout of general food-])re|)aring machinery, an arrangement of silage 
cutter and l>lowcr, and so on, in which thoughtful planning has solved some particular 
farmer’s ])roblem. All these are worth studying : if tlu^y ar(i not directly aj)j)licable to 
one’s own (‘asi*, they are at least likely to suggest the right lines to follow. 

In another [)aj3er (Ref. 34) the same writer has discussed internal farm nujchanization 
without ])articular reference to electricity. He points out that with a great many everyday 
machines like cake-br(uik(*<rs, chaff -(fitters, root-slicers, and so on there is on most farms 
little use of imagination and less use of power. There still jiersists too widely the practice 
of “ piit it on the floor and })i(^k it u[) again.” Again, in the dairy, appliances which are 
sound and labour saving (enough in themselves, are very often operated at a disadvantage 
and s(3 contribute less than they might do to general economy of nmning, through lack of 
consideration of the best way of placing them in relation to one another. This paper, too, 
coviTs a wide field toucdiing on water supply, grain storage and grass (or rather hay) drying 
in addition to the to})i(^8 already discussi^d. 

An even wider field is covered by an American paper on rural industry (Ref. 35). This 
is concerned more particularly witli the area served by the Tennessee Valley Authority 
and with soiru? of the technological developments which have already contributed, or in the 
futurt^ and with the assistance of agricultural engineers could contribute, to a general raising 
of farm incomes. In T(mnessee alone a million dollars a year might bo saved by jiroperly 
controlled storage liouses for sweet j)otatoes ; six million dollars by the proper use of 
ecpiipnu'nt (already developed) for growing and harvesting seed crops ; eight million dollars 
by irrigation of food and vegetable crops ; and so on. Once more practically all of the 
instances scnmi to lead ba(*k to cheap and plentiful elecitrical power as the main factor in 
further })i«jgress. 

Ther e is, however, one other subject — dung handling — which is of great importance at 
the barnyard end of farm mechanization, but on which electrification has no particular 
bearing. A general n^view of the rather limited progress made to date has been given in a 
]>apcT already (][uoted (Ref. 13). It is pointed out that this problem, perhaps better than 
any other, illustrates the real ditficulty of the agricultural engineer, which is not so much to 
make im[)loments which will work as to make im^dements which will fit sufficiently well 
into the varic^d circumstances of farming to become commercial propositions. Four distinct 
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type» of dung loader have been developed over the last year or two by a process of testing, 
modification, and re-testing until each is reasonably efficient from a technical standpoint. 
It still remains to be seen, however, wliether any one of them is destined to be generally 
used in farming. The two most likely ones arc a direct-loading appliance which works 
rather in the same way as a rotary cultivator ; and a rather simpler outfit in which a 
power-operated, but hand -controlled, grab is used with a j)ower-driven elevator. Between 
them, these machines illustrate the two main difficulties which arise when dung-loading 
inventions are tried out in real farming. The direct loading device certainly enables one 
man to load dung at an amazing rate, but, as might bo ox])octod, is expensive to buy. It 
loads dung so quickly that there are very few farms on which the general transport organ- 
ization will stand up to the strain and keep the loader busy. No one will like to see an 
expensive machine standing idle waiting for (^arts ; y<^t no one will be willing to buy ad- 
ditional carts just to keep a ono-puri)ose machine at work. 

The other machine does not suffer from this disadvantage and is handy tuxough to work 
in the confined spaces from which dung has, all too often, to be moved. But it does not 
greatly incrciase the output of th(‘ men it employs. It makes their job easier and less un- 
pleasant but (if they put their backs into it) tlu\v (;ould load nearly as much dung with 
ordinary forks. Bow^i^ver, since the above ))aper was written, a. rc'mote- control device— 
W'hi(;h eliminates one more man — has been dcA^eloped for this s(‘cond loader and tliis, if 
succ(\ssful in practice, will change the pietnre entirely. This remot/e control is (d<‘ctrical]y 
operated so that, although in this instance only sonudhing lik(" a car battery is need(*d, e\ (ui 
dung handling may come ba(^k to (*lectrieity after all. 

SUGAR BEET HAHVESTlNfb 

The j)ap(U- just quoted above also revi<‘ws progress under this heading u}) to last season. 
So far as machines eommereially available ben^ or overseas an^ concerned, the most notable 
advance* is shown by an American machine Avhich was tried lu^rc last year. It is a self- 
con taiiu'J outfit built round a tractor wdiich tops and lifts the* beet .and w^indrows both tops 
and roots sc])aratoly. With it is associated a mecdianicuil l()ad(*r with wdiich the roots c*an bo 
quickly pick(*d up from th(' windrows ((^acih containing the jjroduce of 8 individual rows) in 
which th(i machiiui Icavtjs them. This ])air of machines re|)rescnts a iiotahh^ achiovemeut 
because* the outfit docs the wdiole job from growing cro}) to roadsidt^ h(*ap at the same labour 
level. Earlitu* mairliim^s have enabled one or two men to replace a doz(m or so in one })art 
of the job : but have left the farmer still w^auting mure labour than he can (*a.sily provide, 
to finish up what the machine leaves undone. Naturally enough, the new harv(*st(ir is not 
perfect.. For one thing its topping is less good than that of anotlier and b<‘ttt^r-known outfit, 
and in loose ground may not be good enough. Again, its limitations w^ould probably be 
realised (piite cpiickly oil w’^et or very cloddy land. 

Another paper describ<;s how the compommts of the above and other machines have been 
studied in the (jourse of d(*velopmcntal research (R<*f. 110). Detailed studi(^s of to])ping and 
of topping mechanisms have indicated both the present superiority of one particular 
to])ping mechanism and the directions in which further inqirovement and simfilification 
might bo sought. Similarly, d<^taiIod studies of the cloaniiig actions of various beet 
harvesters have given most striking results. Under distinctly unfavourable conditions, 
in which two of the best available machines put something like 2| ewii. of soil into the 
windrow or trailer for every cw^t. of beet, another cleaning mec;hanism. based on an older 
and almost forgotten machine, only put out some 25 lb. of soil. On the basis of results of 
detailed studies like this, a complete harvester is being built for trial. 


S, J. WRIGHT. 
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"rHK ])atti*ni ()1 post-war farming has still to be deteriniiied, and, at the moment, all that is 
<‘l(*ar is that readjustments are lik(‘ly to be made far more slowly than in many branches of 
industry. The whole world is short of food and raw^ materials, and for farmers the immediate 
tarj^ets remain as hij^h ajul tl>e difficulties almost as gn^at as in the worst ])erio<ls of the 
war. Swwds will eventually be lu^ateii into ])loughshares, though at first the pro(;ess maA 
consist ot little more than temporary improvisations verging almost on salvage. Am- 
mojiium nitrate can go into fertiliz<'rs instead of shells , jee])s may serve as light tractors ; 
bulldoz(‘rs be used for making contour-terraces , poison sprays, bombs and smokt's for 
killing mos({tiitoes and otluT insects : flame throwers for burning u}) wT(‘ds. It will be 
a lotig time before reorganised industry and transport can su}>ply all the raw' mat(‘rials, 
implenu'iits and buildings farmers need. 

In (beat Britain th(‘ outstanding rneehanised developnuuits and reclamations took 
pla(;e during the war years, atid t he immediate problem is not to extend vstill further but to 
consolidate what has l)e(‘n gained. Tin* prospects will often turn on economic and social 
factors, and, above all, on housing. 

Among the indirect- gains from the food [)roduction campaign one ot the most im}>ortant 
has be'en our greatly improved knowiedge of the behaviour and potentialities of our soils. 
Everywhere enthusiastic farmers and county .staffs undertook drastic reclamation measures 
with little first-hand or lo(*al experienct to guide them. It will be agreed that on the wdioh* 
they achieved a speetaitular success. Good crops have Ix'en growm when' theiv had Ix'en 
none within living memory. Dairy farmers and graziers have learnt the arts of arable 
farming, and sorm* of th(*m are well on the way to securing ('V('n better grass in (H)nse(pjence. 
Before the actual details are forgotten and those responsible are dispersed, it sci'ins of tlu' 
greatest importance to arrange* for a detailed record of all this local experience. This 
Journal made a useful beginning by publishing a number of accmints of reclamations, but 
something much more extensive and systematic is needed. 

1. Soil Classification and Soil Sitiivkvs. 

The task of interpreting the wartime n^cord would have be(*n sim[)lified and its 
permanent value increased if we had jiossessed a well-develo})C'd soil survey. Unfortunately 
soil survey work in Great Britain has been undertaken only on a modest scale, though 
excellent work has been done in a few s]XH;ial areas, as, for example, in R. Glentworth's 
studies on the soils developed on basic igneous rocks in central Aberdeenshire (Ref. 1). 
It has generally been assumed tliat the nature and properties of individual soils were 
sufficiently well known by local tradition and expericuice for valuations to be settled by 
bargaining between farmer and landlord or buyer and seller, and for questions of land 



62 


Soils and Fertilizers. 


management to re(juir(% little more than an occasional advisory visit on details of liming 
or manuring ; the war .has shown how dramatically our soils will respond to novel treat- 
ments. Long-t erm planning should be based on the intrinsic properties of the soil and not 
merely on the results of current metliods of land utilization. If we aim at a prosperous and 
develo})ing agriculture we shall find, as the LInited States and the Soviet Union did before 
us, that a fundamental n^quirement is a sound knowledge of our soil resources. It must 
inevitably tak(^ many years before our national soil survey can cover the whole country 
eve*n in broad outline, and it is therefore most desirable to have special local experiences 
(;arefull>' recorded so that, later on, they may be j>ro])erly interpreted in terms of the soil 
surv(*v and their lessons api)lied 1o other parts of th<‘ country. 

Agricultural bodies must now follow civil servants, industrialists and trade unionists 
in thinking globally ” on all ])rodu(*tion questions. The new Food and Agriculture 
Organisation of th<‘ United Nations began its Quebec (k>nference in October 1945 in the> 
knowledge that two-thirds of the })(‘ople of the world are under-nourished, aiiu that new 
ways must be found to improve the production, distribution and consumption of food. 
Whatever af>f)roach(*s are madt* to the economic; and sothil asj)C(;ts of these problems, it is 
clear that the limit in each region is set by the nature of its soils. It may therefore be of 
int(TCst to rcfei to sonu* attempts to classify and map the soils of the continents and of the 
whole world. 

Fairly recent soil nia])s of Furo])ean Russia, Euro])e and the United States are well 
known to soil work(*rs. J. A. ih’escott. Director of the Waite Institute of Agricultural 
Ties(‘arch, Adelaide, has ])ut his unique knowledge of the soils of Australia into the form of 
a map (R(‘f. 2), and his staff have issued a number of d(*tail(;d surv(‘ys of individual areas. 
Th(‘ soils of the tro]>ics ]>resent special difficulties, partly be cause very few work(*rs have 
bee^n enable‘d to st udy soils in more* than a single^ (*ountry, and ])artly bee^ause most of the 
work attempt (‘d has be^em directed to immediately ])ractical obje(;tiv(‘s. An outstanding 
exception was the late Ueoffrey Milne's brilliant study of East African soils. Another 
exc, client, though somewhat old, piece of work has now been made available in English in 
E. F. J. Mohr's book “ The soils of ecpiatorial regions, with s[)ecial reference to the Nether- 
lands East Indies,” recently translated by H, L, Ikaidk'ton, an AnuTican worker with a wide 
ex})(Tience of soils in tlu' East and now' iVincijial Soil Technologist in' the Offic’c of Foreign 
Agricultural Relations in the U.S. D(q)artment of Agricultur(\ 

Although tla^ British Empire includes so largo a variety of conditions of soil and 
agri(‘ulture, it is a disturbing reflection that so little has b(;en done in the broad approach 
to world agriculture and soil gcogra])hy. It was left to the (liief of U.S. Soil Survey, C, F. 
Marbut, to attempt the first outline niaj) of the soils of Africa twenty years ago and to a 
Russian woman soil geographer, /. Y. Shokalskaia, to make the next n^vision (Ref. 3), 
Some may be incliru'd to underrate the value of soil maps ])repared by people who have 
not ('ven seq foot in the continent they have mapped, but bold attempts at syntheBis and 
generalisatioji by competent and experienced workers are a vital stagt; in scientific develop- 
iiuMit, cv(‘n though they may appear at first to do little more than invite criticism and new 
evidence. 

Those of us who wore fortunate enough to 1 h» invited to the celebrations of the 220th 
aiiniversary of the Academy of S(;ionces of the U.S.S.R. in Moscow and Leningrad in June 
1945 saw new and unpublished soil maps of Australia and South America, and special maps, 
tables and diagrams prepared by Academician L. I. Prasolov, Director of the Dokuchaiev 
institute for Soil Research, to illustrate his recent analysis of the distribution of soils over 
th(^ ('arth (Ref. 4). The a(‘tuai soil map w^as included in the Great Soviet Atlas, published 
just Ix fore the war, Th(; following somewhat condensed summary gives the relative areaa 
of th(‘ j>riucipal soil types, expressed as percentages of the total land surface of the world 



Soils and Fertilizers. 


63 


(total 57.4 million sq. miles) and pre-war U.S.S.R. (total 8.4 million sq. miles). Most of 
the names of soil types are self-descriptive but a few words of explanation and comment 
may be added. ‘‘ Podzol ” is a Russian folk-name now universally used to describe the 
highly leached soils of coniferous forests and heaths in the cooler or wetter parts of tem- 
perate regions. In the undisturbed state it generally has a raw humus layer over bleached 
sand and then a zone enriched in iron or organic matter, sometimes to the extent of forming 
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a hard pan. Such soils arc common in tlie north and west of Great Britain and also occur 
in our southern heaths. Most of the other British soils fall into the “ brown forest soils,” 
a rather indefinite transitional class found where the extremes of a continental climate are 
modified by proximity to the ocean, and more dependent on the geological parent material 
than most of the other types. It may be noted that our main soil type fc^rrns only a ver>^ 
^rnall fraction of the total land of the world and a negligible one in U.S.S.R. 1'hc ‘‘ cher- 
nozem ” is the famous black earth of the Ukrainian and similar steppes. These fertile 
soils provide the main granary of the U.S.S.R. and Eastern Europe, but they an* not 
common elsewhere. The most widespread soils are of low^ intrinsic fertility — various 
mountain soils unsuited for intensive agriculture, podzols of coniferous forests and bogs, 
seasonally dry soils of thin woods and grass savannahs, and red soils of tropical forests. 
Perhaps one value of the above table and the world soil map is to warn us how little we may 
expect to know of the proper treatment of land in other countries from pra ctical experience 
gained in our own pleasant but unique little island. 

2. Soil Conservation. 

The general principles of soil conservation, in the narrow but important sense of pre- 
venting undue erosion by water or wind, have often been discussed during the last twenty 
years but they are not always properly understood. The more glaring examples of rapid 




64 


Soils and Fertilizers, 


soil erosioii are sorn(‘tiriies used as cautionary tales in expositions of special doctrines of soil 
fertility and ajzriruJtural policy, often with a woeful disregard for tht' actual facts. 8oil 
conservation re(|uires an ad(*quate cover of suitable vegetation to break the force of rain 
and surface water, i.o se(;ure its rapid penetration into th(‘ soil mass and to anchor the soil. 
Often Tne(*fianical o])erations such as guliey-fdugging, (;ontour-terracing or silt>pitting are 
rc(]uiro(l to clK‘ck the rot, to increase the absorf)tion of water and to aid in starting a sound 
vegetation cover. Sometimes the whole system of crop])ing and grazing must be drastically 
modified. A good vegetational cover maintains the organic matter content of the soil at a 
higli(‘r l(*v(‘l than in r('j)eatedly cultivated and exposed soil, but it do(‘s not nect'ssarily follow 
that oth(‘r ways of increasing the content of organic matter would suffice t o conserve the 
soil and maintain its fertility. Th(‘ growing plant does many other things besides adding 
organic matter to the soil. The roots of trees and especially thos(‘ of grasses open up the 
soil, and, wduit is (wen more important, build up the granular soil structure which is (\ssential 
if wat(*r is to be absorbed ra])idly and j)en(d.rat(‘ deeply and thus build up a us ful reserve 
to (^arry crop ])lants through the long dry spells wdiich normally follow the seasonal 
storms responsible for severe erosion. All the (widence enij)hasises the vital role of the 
prot(*ctiv(' cover of the vi^gt'tation and th(‘ need for revising agricultural, forc'stry and 
pastoral methods so as to favoui* tlu' cover and restrict the exposure^ of hare soil. 

Soil erosion arousc's little immediate interest in Great Britain, for torrential rains are 
uncommon and most land protects itstdf b\ grass, weeds or scrub Souk* of the lighter 
sands and fens in the eastern counti('s are apt to “ blow " in tlu' spring, and some farmers 
an* wondering whether they should ]mt dowm leys mon^ fre(ju(*ntly to anchor the soil. 
One by-produ(;t of the war has been to provide us with object lessons on soil (‘rosion where 
roads run through tank exer(‘ise grounds in heath (jountry . The normal v6*getation has been 
stri})[)ed off and gulleys are now forming as w'at(‘r sww])s across the ban* soil. B(‘for(* long 
we can exjx'ct to see “ dam-])lugging " and ‘‘ contour-t(*rracing ” in operation the' 
sooner, tin* better. 

Altliough th(' war has necessarily slow(*d down prejiarations for soil (*ons(*rvation work 
in th(* colonies, some good surveys and jrraetical work havt* b(*(‘n undertaken, and there is. 
evidenc'c that the native cultivators are responding to some of the propaganda. The Agri- 
(ailtura) Advisor to the Colonial Office has reviewed (Kef. 5) progress ui) to 1943. There 
are high hojies of really substantial ])rogress during the next decade, since soil conservation 
and all that it implies should have heavy claims on the f 120,()0(),0()0 vot(*d under the 
(Vdonial l)evelopm(*nt and Welfare Act. 

A few asjiects of t in* g(*neral ])roblem may Ik* ri'viewed by reference to some recent 
publications. Tin* forester naturallv stresses the importance of protecting the shrubs and 
tr(*es, especially on w^atersheds and in the more arid areas. His first inclination is to 
enforce* strict closure to cultivation, grazing, firing and cutting in specified areas. He 
cmiphasises the im])ortan(^e of the forest in safeguarding the water sup})ly, and he oftea 
dis(*usses the difficult (pu^st ion as to how far the forest affects the ac.tual rainfall, as distinct 
from the subs(‘(|U(*nt fate of the water after it has fallen. In a recent lecture on these* 
questions K. V. Stebbing (Kef. 6) has suggested that aa African International Commission 
is needed to review^ the whole problem and to co-ordinate the broad lines of soil 
cionservation work. 

K. M. Gorric (Kef. 7), a forester with a wide exjierience of soil conservation work in the 
Punjab, has shown how', as an interim measure, the mechanised equipment of warfare could 
Ik* prcssi‘d into service in the first stages of soil conservation and of bringing new land into- 
cultivation. Heavy machinery for shifting masses of earth — bulldozers, road graders, earth 
scooj)!^ and heavy ditching ploughs — have been employed on a large scale for military 
purposes in |)rimitive (XHintries where ])reviously there had been no alternatives to the hand- 
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hoe and head-load. Thousands of Indian and African men have been trained to handle 
these mechanical giants, which could now be used to solve the two problems of beginning 
urgent civil engineeiing works and of finding productive and congenial occupation for 
trained men in conservation and reclamation schemes beyond the resources of native 
agricultural methods in sparsely populated areas. African and Indian problems are totally 
different from our own, for there is often little to be gained by introducing implements into 
some of the more densely settled areas, where even the humble bullock plough may lead to 
over-cultivation and erosion. (Jorrie has reviewed the more immediate tasks for heavy 
mechanical power. In the wettest regions, where the first j)rob]em is to keep the catch- 
ment areas in as absorjjtive a (condition as ])OHsible, contouring lightly wooded hill lands 
would supplement the effect of the vegetative cover ; in level land the need is naturally for 
drainage. In the intermediate zones with from 80 to 60 inches of rainfall, contour-terracing 
or ridging is needed to increase the absorption of water and thus encourage the grass 
and shrubs, lii the arid regions it should be possible to extend cultivation beyond the tails 
of existing (*anals and to usf‘. surplus water from monsoon floods on land parcielled out in 
contoured ridges. Artificiial catchment areas, as used in Kajputana and the Sudan Gezira, 
could be employed mucih more widely. Low crescent-shaped banks will hold up sufficient 
water to guarantee a crop on at least part of the land, where otherwise crops on the whole 
ar(‘a might be too precarious to allow settlement and farming by th(» old methods. 

8. Soil Sthitcture and Grass Roots. 

In Great Britain and in many parts of the tropics the out-standing })roblem in main- 
taining soil fertility is to discover the best way of combining arable cultivation with resting 
])eriods under grass or otluu* cover crops. The problems ar(‘ necessarily (;omj)lex, for they 
involve the whole system of farm management. It is s(;arcely ]>ossible without actual 
expi^rinuiiit to separate the immediate value of the lev for pasture or hay from its secondary 
(‘ffects on soil fertility, as shown in improved yields of arable crops, or to distinguish the 
chemi(;al or nutritional effects from the* ]»hysical or structural ones. Unfortunately the 
long-term field experiments nrpiircd arc laborious and expensive, and so far, only one (at 
the Woburn Ex])erimcntal Farm) has been attem])ted. It is sometimes expected that the 
soil chemist or soil ])hysicist can scuttle such (picstions as the bt‘st length of Icy or the effects 
of farmyard manure merely by anal\'sing the st)il, but cxj)erienced research workers know 
the limitations of tludr present tec^hnicpics and the ncct'ssity for good field experiments to 
enabk‘ them to test and develoj) their laboratory methods. Soil pliyaicists in many countries, 
and notably in U.S.S.R., have given esf)ecial attention to analysing field soils for structure 
or aggregates by sieving the soil in water to determine the proportion of wat(»r-stahle crumbs 
of various sizes. The results in this country have not been (ilear-cut, perha])s because the 
actual differences in the field are smaller, and alternative methods an? being tried. One 
striking success of the wet-sieving technique in Uganda may be considered liere. It was used 
by W. S. Martin (Ref. 8) in the interpretation of important observations and field experi- 
ments on the vital African problem of discovering a less wasteful form of agriculture than the 
traditional shifting -cultivation. In the early attempts to solve this problem in both East 
and Wc\st Africa, it was natural that the emphasis should be on using green manures, farm- 
yard manures and composts “ to keep up the soil organic matter and on good cultivation, 
because these were the features of British practice recommended in the textbooks on which 
agricultural officers were trained. In Uganda it hajipened that good ” plots, with 
careful cleaning and weeding before sowing, often gave poorer yields of cotton in demon- 
strations than “ bad ” plots left with clods and weeds. Over-cultivation smoothed and 
caked the soil so that loss water soaked in and more ran off. Rough preparation for big- 
seede<l crops and less late weeding are now recommended. Oumb analyses showed that 
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neitlier farmyard manure, cotton seed, green manure nor lime had any significant effect 
in injproving soil structure. Under tro}>ical conditions termites and rapid microbiological 
decomposition soon oxidise away added organic manures. The clue was found in noting 
the excellent (irumb structure under tall grasses, such as Elephant grass, Pennisetum 
purpurnim. It was shown in field experiments that similar (;rumb structure and deep 
penetration of water and crop roots could b(‘ obtained by “ resting ” arablt' land for two or 
three years under suitable grasses, often those which naturally colonise abandoned land. 
It is now recommended that on land with sufficient body to form crumbs, all over-culti- 
vation should be avoided and the holding divided into about six fields to allow a rotation 
with at least two years under tall grass. Hie practical application of this scheme still 
j)resents acute problems, some of which have been discussed by M. 1). Graham (Ref. 9) 
in a thoughtful article based on liis attempts to establish pasture- arable rotations on native 
farms. There is a serious lack of suitabh^ plants for fences or hedges, and it is v(^ry difficult 
to eradicate the* dcMijily rooted tall grass from jicor depkited soils, lie therelure favours 
heavily caopped pastures in pla(*(^ of tall grasses, whilst subscribing wholeheartedly to the 
general olijective of “ minimum cultivation, maximum cover,” planting all crops on land 
as rough as ])ossibh‘ and securing a complete weed cover by the time the crop is due to (;ome 
off. In a comment added to this jiajiei* W. S. Martin admits tlui difficulty of fitting his 
grass scheme into small native farms and suggests that it may bcHJorm* nec'essary to run a 
whole hillside as a unit with (Kimmunal cultivation, grazing and, perha})s, eventually 
machinery. 

/ The technical requinmnuits for imf)roving and stabilizing agriculture in Africa and 
India are lik(‘ly to (compel drastics social and economic changes amounting ahriost to revo- 
lutions on the scale of those in U.S.A. and U.S.S.R. Another Afric an (‘xarnple is ])rovid(‘d 
111 a recent aHicle (Ref. 10) by Lord Balfour, formerly Resident Minister in West Africa. 
After discussing Nig(;rian j)roblems in the production of palm oil and the research and 
education needed, he concludes that only speedy action carried through with ” a wartime 
emergenev mentality ” can prevent a crippling blow to Nigeria's future economy. 

4. Dkkp PloI'Ohing. 

In many ]>arts of England s])ecta(*ular local successes in chairing Scrub land by very deep 
ploughing with ” Prairie Buster ” and similar ploughs, drawn by })owerful track-laying 
tract{)rs, have incn'ased the interest in deep ])loughing on old arable land, (^spcicially for 
potatoes and sugar beet. Some enthusia.sts (contrast the good crops on deeply plougJied 
farms with the ])Oorer ones on similar soil still plougluHl in the old manner. They sometimes 
forget that pioneers using lu^w methods are often highly skilled m(*n not lacking in capital ; 
they tend to confuse deej) ploughing and good farming. On some soils there may be a risk 
of rept'at ing the mistakes which followed the first wave of deep ploughing by steam cable- 
ploughs. Deep ploughing is clearly valuable where a ])an has bee?) produced by the plough 
or by ti actor wheels, but und(*r ordinary conditions its merits are still uncertain. Fortunately 
the Agri(‘uIturaJ Research (Viuncil and the Agricultural Improvement (/ouncil have arranged 
for a series of field experiments on depth of })loughing to be undertaken by Rothamsted and 
tlu' county staffs on a variety of soils. E. W. Russell, who is in charge of this work, has 
review(‘d (Ref. 11) sonn^ earlier preliminary results. In general it appears from all the 
information so far available that it is more important to ensure a clean seed bed than to 
adiieve any exactly defined state or depth of tilth. Ploughing is good when it completely 
buries the weeds, and this may often be achk»vt*d more easily by deep ploughing. It appears 
that the most, economical wa y of pre])arjng a seed bed by a tractor may bo to use a plough 
with a suitably desigrie<i digger breast and set in fairly deep. There are already indications 
that good cultivation may b^* more important under conditions of low fertility than in better 
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soils. Adequate manuring may help to keep down cultivation costs by favouring the crop 
in its competition with weeds, thus reducing the amount of both immediate and future 
cultivation — a large crop is one of the best weedkillers. It is also possible that deep 
ploughing will be particularly useful where the opportunity is taken to plough down certain 
fertilizers to enrich a greater dej)th of soil. 

Evidence from field experiments is consisient in showing that hoeing acts mainly by 
killing weeds and not by mulching the soil. It may cause serious damage to crops by cutting 
their roots. Competition between crops and weeds is particularly important in the eiarliest 
stages, f,g,, before singling sugar beet. Subsequently there may be little harm in allowing 
an untidy amount of wec^d gn)wth. Deep ploughijig bj' burying the weeds more completely 
may reduce the amount of early hoeing needed. A long series of Rothainsted experiments 
and many more Americ'an ones point in the same direction as thf* East African ones 
discussed in the last section. Once a crop is well established there seems little to su})port 
old traditions of kec'ping tlu‘ hoe moving to eonserv(^ water,” or ” hoeing the sugar into 
the beet.” 

5. VVked Control. 

If the ])rime object of cultivation is to control weeds and not to conserve^ moisture or 
ac^rate th(' soil, some cultivations might Im^ ref)laced by other physical and (duunical treat- 
ments. Jt must be admitted that by (‘comparison with its manifest inq^ntance the scientific 
study of weed c.ontrcd has lagged sadly behind researtdi on jx^sts and diseases, whi(;h in the 
aggregate probably cause far less loss of ctoj). Promising bc^girmings have recently been 
mad(‘ in what must rapidly b(‘c*ome a vast field of research. Among some of the bigger 
cro])s, like sugar cane and cotton, flame-guns are aln‘ad3^ being us(m 1 to burn up w('.eds, and 
it may prove possible to extend their us(‘ toother row croj)S (Ref. 12). The mixst promising 
liiu's of d(*velopment are likely to come from (diemi(;al weed killers msed in improved spraying 
or dusting machines. Until fairly recently the choice of weed killers w as restricted to a few 
acads and salts, including a number of (‘-ommon fertilizers — kainit, calcium eyanamid(3 and 
(for lawTis) sul[)hate of ammonia. 'Fhe possibility of discriminating betwe(*n w(‘eds and crop 
plants™ -most commonly cereals or grasses — turned on differences in the physical con- 
ditions of their leav('s, mon* of the spray being ludd on the broad, liorizcmtal and rougher 
lea vt‘S of charlock and (*ertain other weeds. The whole subject was d(jvelop(‘d empirically. 
Gradually the range of possible compounds has widened, interest being taken first in organic 
(compounds wdiich had long ago been used either as fungicidt‘s or insecticides. A variety of 
]>reparations based on dinitro-ortho-(‘Tesol (" dinoc ” for short) have given good results in 
field experiments and farm scale trials during the last f(‘w xears (Ref. 13).* Gr(‘at care and 
perseveramie are needed todis(H)ver the best conditions in the choice of ]>reparation and the 
strength to use for specific weeds and (Tops, according to their stages of development. 
Spectacular siicxjcsses will be accompanied by o(J(‘asional failunis in which the weeds are*, not 
])roperly checked or the crop is unduly damaged. Home weeds and crops are partiemlarly 
sensitive to one but not to another closely related treatment. At first the whole subject may 
appear risky and bewildering in its complexity, but the very fact of high specificity holds 
out bright prospects for the future. With greatly extemled research it should become 
f)ossible to define f?onditions under which specified weeds may be controlled among a variety 
of crops, including some of the market garden ones. The possibilities seem endless, for so 
far only a very small number of the thousands of possible organic (compounds have been 
tested or, at any rate, reported in publications. One interesting (dass of compounds has 
already reached the commercial scale, through work conducted until recently in secret on 
security grounds. It occurred to two or three groups of workers at about the same time 

*See alHO Prof. G. E. Blackman’s paper in this issue. 
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that the auxins — the growth-promoting substances of plants — or related synthetic com- 
pounds might interfere sufficiently with normal growth to serve as weed killers, and 
promising preliminary results were obtained (Refs. 14 and 15). One of these products 
(4-chloro-2-methylphenoxy-acetic acid or “ methoxone ”) has given good results in over a 
thousand field trials on cereals in Great Britain during 1945. Yellow and white charlock, 
corn and (Tee ping- buttercups were generally killed outright by dressings supplying as little 
as 8 ozs. per acre. There was no damage to the wheat or oats and only occasional malform- 
ation of barley heads. A few weeds —bladder campion, coltsfoot and cleavers — were 
unaffected. It is understood that “methoxone ” will be available to farmers in the spring 
of 1946 under the name “ Agroxone,*’ a powdtT standardised for dressings at the rate of 
2 cwt. per acre. 

6 Lupins as Green Manure. 

Lupins have several special projH^rtios which mak(^ them suitable for imp^ )ving light 
acid soils. Th(\y are among the few Ic'guminous (Tops —another is broom which grow well 
and fix atmosplieric nitrogf^n on very acid soils. It is known from early work by D. N. 
Prianischnikow that lupins an' particularly successful in obtaining phosphate from mineral 
phosphate and other difficultly availabh' forms. In sand cultun's they have be('n shown to 
dissolve mon^ ])hosphate than they absorl), so that oats can grow fairly well with lupins in 
sand containing mineral [)hos])hate but scarcely at all in j)arallel pots without lupins. The 
lupins in fact behave as a sort of sup(^rph()sf)hate factory for the oats. Over sixty years 
ago S(‘Lultz-Lu])itz n'claimt'd sandy heaths in Germany by 2 )otash and lupins, and A. W. 
Oldershaw has had good n^sults with both bitt<*r and sweet lupins at Tunstall in East 
Suffolk (Ref. 16). In spite of these well-known demonstrations gret'U manuring by lupins 
has not Ix'cn taken up at all extoisively. Part of th(' difficulty may be inherent in green 
manuring in our (climate ; catch (toj)s are always jm'carious, and the cultivations for a 
poor or Ikiled crop may do more harm than good. 

Rectmtly D.N. Prianischnikow (Ref. 17) has introduced a new ty])e of lu])in into Northern 
Russia and belic'ves that it holds out gn'at j)Ossibilities. He jxnnts out that the ordinary 
blue or yellow annual lupin is open t-o tlu* objections that it is frost-sensitive, does not set 
seed north of Moscow and has a large seedwhicli means a high seed-rate and great transport 
difficulties. He has therefore turned over to hupinm polyphyllus, the ordinary jxTennial 
garden lupin. He obtained his original stock of seed from ('anada and multiplied it by 
growing t wo cTof)s (*a(di year, an early summer one in the north and an autumn one in the 
North Gaucasus rc'gion. This jjerennial lujriii is more frost-resistant, has smaller seeds 
and can be undersown like a l(*y in oats and then either harv('sted or ploughed in green 
the following y(*ar. In some field exjieriments its residues gave almost as good yields as a 
dressing of dung. It is said that this ])erennial lupin will suceec'd as far north as Archangel. 
This (Top c(‘rt.ainly merits trial in British agiiculture, horticulture and forestry. 

7. Fertilizer Supplies. 

It is difficult to forecast the 2 >i’os})e(^ts for fertilizer suiJijlies as the official ban on 
statistics of imp(Tts, production and con 8 um 2 )tion has not yet been lifted. TM Economist 
wrote on October 20th, 1945 about a “ Famine in lYrtilizers,’’ and it is not difficult to see 
in the })r('sont state of Euro}>e, and in transjiort and currency j)roblems elsewhere, obvious 
n^asons wliy su}>plies will remain short and the wartime restrictions and rationing schemes 
must be rt'tained. Only ammonium comj)ounds and basic slag are produced in this country. 
Other 2 )hos}>hates, nitraU' of soda and potash fertilizers are either imported as such or are 
mad(^ from imported raw matmals. Farmers who are imi)atient to step up their rates of 
dressing and to have j>hosj)hate once more for their grassland, may take some comfort from 
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the thought that the present rationing scheme ensures a reasonable supply for all the arable 
land and dairy pasture of the country, and an extra allowance for all soils known to be 
particularly deficient in phosphate or potash. 

The writer of this report has reviewed the whole question of the wartime use of 
fertilizers and the lessons learnt from it in a pamphlet of the Bath & West Society (Ref. 18). 
This includes details of the rationing schemes, the fertilizer requirements of the principal 
crops, the average use of fertilizers and farmyard manure in various regions as shown by 
random sampling surveys, and the composition and comparative prices of c.urrent fertilizers. 

In the absence of figures for the British consumption of fertilizers during the war it may 
be of interest to record the American ones (Ref. 19) as an indication of a great achievement 
and as a pointer in the direction we may probably follow. 

Fertilizer consumption in the United States. 

Thousand short tom. 
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In the d(‘cade ending in 1 944 the total nitrogen increased by 28%, the phosphoric acid by 46% 
and the potash by 44%. The large rise in phosphate fcTtilizcrs was due in part to the supply 
of concentrated mattjrials, some of novel tvi)es, and in government aid to demonstration 
farms und(Ttaking improved soil coiLservation measures. The gem^ral movement towards 
more coiKHUitrated kinds of fertilizers is shown by eousidering the total jdant food content 
(‘xpressed as N t RgOg H- K^O, This rose from 14.5% in 1900 to 18.1% in 1930 and 20.6% 
in 1944. The overall ratio of N : P2O5 : KzO still remains close to 1 : 2 : 1 , as in this country 
and th(^ world as a whole. Fertilizers are now spreading into the Middle West States. 
Although th(^ total is still very small the rate of increase is rapid ; Iowa iiuTeased its con- 
sumption eightfold during the war. 1'he figures for total annual consumption during the 
war show a temjiorary shortage of nitrogen fertilizers in 1942, which was met by restricting 
their use on certain cro})s, and then a ra])id increase as new plants came into production. 
The United States (!an now vsatisfy their owui j)otash nupiircments, and they were, of course, 
able to oxj)ort phosphates fertilizers to this country during the war. By contrast Great 
Britain had amjiie nitrogen fertilizers but had to ration pliosphato and potash fertilizers, 
thti latter partirmlarly rigidly. 

8. Nitrogen Fertilizers. 

Synthetic ammonia now provides the bulk of our nitrogen fertilizers. Production of 
synthetic ammonium nitrate for munitions was greatly increased during the war in all 
industrial countries. The future pattern of our fertilizer industry may be considerably 
modified if the new ]>lant8 can continue to produce ammonium nitrate for agriculture. 
Those factories have the advantage that they require no raw materials beyond coke, air 
and water ; and the product is an excellent fertilizer with 35% nitrogen. It possesses, 
however, the serious disadvantage of being hygroscopic and, unless protected, picks up 
water from the air until it becomes damp and cakes. One remedy is to granulate it with 
calcium carbonate to produce materials like the proprietary article “ Nitrochalk,” but 
this process is apparemtly feasible only at a few of the largest factories. In Canada and the 
United States detailed investigations have been made on alternative methods of protecting 
ammonium nitrate (Ref. 20). Starting with a product with less than 2% moisture, sprayed 
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or grained to the 8 to 16 mesh size, adding 3 to 4% of kieselguhr, clay or other suitable 
^conditioner and 0.5 to 1.0% of a water repellent (paraffin, petrolatum, asphaltum or rosin), 
they have i)roduced material which, in sufficiently moisture-proof bags, can be stored in a 
drillable condition for at least a year, even in humid regions. Trial consignments have 
behaved well under storage and in the fertilizer drill in Britain, and small proportions have 
been included in our mixed fertilizers during the last year or two. 

As ammonium nitrate is usc^d as a high explosive in combination with TNT, anxiety 
has been expressed about the risk of explosion and fire hazards of ammonium nitrate in the 
fertilizer factory or farm. Reference has often been made to the dreadful explosion at 
0]>ijau, Germany in 1921, but this happened when a 5,000 ton mass of a mixture of ammo- 
nium nitrate and ammonium sulphate was b(dng blasted out. A critical examination of 
recorded explosions and fires and a detailed laboratory study (Ref. 21) have shown that 
ammonium nitrate is not (jonsidered exj)losive under transportation conditic'^'s or when 
stored in wooden re(;e])tacles or paper bags by itself and apart from other explosive sub- 
stances. Ammonium nitrate in bulk, as it supports combustion, offers much the same fire 
hazard as sodium nitrate. It should of course be stored well away from other inflammable 
material, and usc^d bags should be burned i)romj)tiv. 

9. Phosphate Fertilizers. 

There are signs of great d(^V(dopments in the production and use of phosj)hat(^ ftirtilizers. 
lm[)rovements are certainly no(‘d(Hl, for tlu^re is a raj)idly growing diunand for ])hos})hate 
in both new" and old systems of farming and the averagt^ degree of utilization by croi)s is 
regrettably low. Whereas one-half or more of the nitrogen or jiotash in fertilizers is com- 
monly taken up by the crop, it only rarely ha})pens that a quarter of the ])hosphat(^ is 
recovered. Gommonly betwe'en 80 and 90 per cent, of the phosphate addend is locked aw"ay 
in tlu' soil in useless forms, (beater efficiency can be achieved by fitting the amounts and 
forms of })hos])hat(‘ f(‘rtiliz(us inort* closely to the requinunents of individual (uops and the 
pro])erties of different kinds of soil. This requires a large amount of systematic field 
experimentation and laboratory research), such as is already in progress in most countries 
with modern syst(*ms of farming, though it has scarcely b(‘en com^ieneed in the tropics. 
Another way is to introduce the phos})hate fertilizer into the soil (*lose to the seeds so as to sup- 
])ly a high (;oneenlration of readily available phosjdiate at the time and in the ])lace where the 
young plant most needs it. Drilling phosphates dow"n tlu^ same spouts as cereal grain has 
long been standard practice in Australia, New' Zealand and parts of America, where it was 
originally introduced as a labour-saving device. Combim^d fertilizer seed drills developed 
in those countries were imported into Britain during the war and have ])rov(id efficient and 
jiopular. An illustration of their value is given by field trials carried out by the Soil Re- 
search Institutes and (Jounty Technical Development Sub-Committees in 1944 (Ref. 22). 
For cereals 1 .5 cwt. of su]K’rj)hosf)hate per acre drilled with the seed was just as effective 
as 3.0 cwt. broad<iast. In th<^ United States co-ordinated investigations have been in progress 
ov(ir nearly twenty years by a body representing the research institutes and the manu- 
facturers of fertilizers and implements. The principal problem is to find suitable ways of 
af)t)lying fertilizers to cotton, maize, jiotatoes and other crops grown in rows at the standard 
distancH^ of one yard apart. It is clearly inefficient to disperse fertilizer through the whole 
mass of soil between wide rows, and yet dangerous to have a high concentration of salts 
close to the seeds. I'he general recommendation at present is to place the fertilizer about 
2 inches below and 2 irujhes to the side of the seeds. A beginning has been made in similar 
investigations in this country. 

Other ways of approaching the phosphate problem are by long-term fundamental 
investigations on the geology of phosphate deposits and the chemistry of phosphates, 
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including the chemical engineering problems involved in making new phosphate fertilizers 
or in finding alternative ways of preparing old ones. Exciting prospects of big develop- 
ments are already foreshadowed by this kind of work, which hitherto has been undertaken by 
large government teams of research workers in the United States and the Soviet Union. 
Great Britain, the original home of the fertilizer industry, appears to have been content to 
stick to those old and well-tried materials sujmrphosphato and ammonium phosphate. It 
has no official research organization for fertilizer manufacture and development. Although 
the British Empire is singularly lacking in known phosphate deposits, there d(X)s not appear 
to have been any aderiuate geological research on tlnir formation and distribution. 

In the Soviet Unioji the Sciientific Institute for Fertilizers and Insectofungicides 
apf)roached the phosphate j)roblem by organising “ complex research with large teams of 
sj)ecialists simultaneously attacking all the related branches of the subject. (This pattern 
of research organization has, of course, been rajadiy developed elsewhere during the war, 
the supreme example being the investigations on the utilization of atomic energy). A group 
of (^lumaical engineers solved the problem of utilizing the crystalline apatite of igneous origin 
in the Kola peninsula by using a flotation process to produce a concentrate fit for metal- 
lurgitial and other high-tempt^rature })roces-4es, A group of geologists, mineralogists and 
chemists undertook fundamental research ori tlu^ conditions under which sodimentary 
mineral phosphates or pliosphorites are formed. Deposits of phosphatio con(;retions occur 
in innumerable localities in marine sediments of all geological ages, but most of them* are 
too small to be of economic importance and others are of too low grade to give good 
sup(u*])hosphate. Massive bedded phosphates ot high grade, as in North Africa, are very 
rare. Until recently the ojily [)liosphatc deposits known in the Soviet Union were of the 
concretionary type, and it was not until the late 1930's that the first really massive bedd(?d 
phoH])hate was found in the Kara Tau ranges It was recognist'd, the outcrops traced and 
valuable new dejiosits found as the result of a th(‘orv developed from the fundamental 
nsscarch. By studying the ph^^sical vhemistry of phosj)hate precipitation from dilute 
solutions in relation to oceanographic data and the detailed paleogeography of known 
deposits, A. \'. Kazakov 23) concluded that phosphate de])osits are formed where cold 
bottom waters well up against a contimuital shelf at a fair distance from the shore. Th© 
limits of de]}th arc fairly well defined and geologists in the field can now tell in advance where 
they should look for the thick deposits of high-grade bedded phosphate. Their })ractical 
achi(‘vements will ensure a great" advance in Russian agriculture as soon as the necessar^^ 
factories and railways can be built (Ref. 24). It is tempting to speculate on the possibilities 
which might ultimately emerge from similar research in Africa (south of the Sahara), India 
and Australia, all countries with acute needs for phosphate but lacking known suitable 
deposits. 

A now phosphate deposit was developed during the war in Uganda (Ref. 25). This 
may have the indirect value of stimulating work on the nutritional requirements of African 
crops, as hitherto it has been the custom to treat fertilizer problems on native holdings as 
remotely academic in view of the prohibitively high costs of imported materials. 

The United States has ample known reserves of phosphate rock and rapidly expanding 
demands at great distances from the mines. This encourages work on new processes yielding 
more concentrated products than ordinary superphosphate. For many years teams of 
chemists have investigated the chemical nature and properties of phosphates and new methods 
of converting mineral phosphates into more readily available materials. Since 1940 they 
succeeded (Ref. 26) in producing more than 300,000 tons a year of what is termed in this 
country ** triple superphosphate,’’ though on historical and chemical groimds the original 
term “ double superphosphate ” is to be preferred. Phosphoric acid is first made by 
treating phosphate rock either with sulphuric acid or in an electric or blast furnace, and 
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then used to dissolve a second lot of mineral phosphate giving a product with 40 to 48 per 
cent, available [)hosphoric acid as compared with about 20 per cent, when ordinary super- 
phosphate is made by treating rock phosphate directly with sulphuric acid. In 1943 over 
half this triple superphosi)hate was ex])orted, and British farmers in consequence learnt 
to appreciate its nu^rits. On some highly mechanizc^d farms it will seem clumsy to have to 
go back to ordinary Hii])erphosphate, as the American supplies stop. 

A still more concentrated product, calcium metaj)hosphate, with the t‘quivalent of over 
60 per cent, available ])hosphoric acid, was produced (Ref. 27) shortly before the war, but 
more rec^ently great interevst has been taken in othe r furnace methods. The essential problem 
was to break down th(‘ fluorapatite in the mineral ])hosphatc, remove the fluorine and leave 
a true tricjalcium phosphates, whi(;h has been shown by laboratory work to be highly available 
to plants even though it is insoluble in water. The technical problems involved have been 
studied for ten years in pilot plants of the 11.8. Department of Agriculture and the Ten- 
nessee Valley Authority (Ref, 28) and it now appears that a “ fused tricalcium pHosphate ” 
has reached the stage of commercial production. Jf this or other forms of dc^fluorinated 
phosphate could be ])repared economically on the sitc^s of the main i)hos]>hate deposits, 
the whole fertilizc^r industry might undergo profound changes for a stable, concentrated 
and highly available h^rtilizer, fit for immediate us(\ (;ould be shipped instead of raw material 
needing jirocessing. The high availability to plants ol’ tri(;alcium phosphates insoluble in 
water shows that the old convention of valuing ])hosphate fertilizers by their water- 
solubility may soon have to be revised. The new products will also serve in another branch 
of farming — as substitutes for steamed bone flour in mi rubral supplements for animals. 
Ordinary mineral phosphatc^s and su]>erphosphate cannot be used for this purpose because 
their high fluorine content would be injurious to animals. Defhiorinated phosphates are 
both safe and efficient (Ref. 29). 

It has been indicated in a Ministry of Supply Order (Ref. 30) that a now phosphate 
fertilizer ‘‘ Silico })}iosphate ” may shortly be prepared in this country by sintering ground 
})hoaphate rock with an alkaline material in the presence of silica. 

The (|uestion has often been raised whether the calcium present in 8U})erphosphate has 
any nutrient value for crops. Early comparisons betw(5cn ordinary fertilizer mixtures and 
the con(;(*ntratod (iomi)ound fertilizers based on ammonium phosphate showed that the 
older forms were to be preferred for small -seeded crops on acid soils in wet districts, and an 
extreme example has apjx^aTcd in wartime reclamation work. On very acid peaty soils in 
the hills of Montgomery })otatoes gave better results with ordinary compound fertilizer 
than with a concentrated one based on ammonium phosphate, presumably because in soils 
so acutely deficient in liriui the small amount of extra calcium was useful (Ref. 31). But, 
even under siuih conditions, it would bt^ dangerous to regard the calcium in sui)orpho8phate 
as an adequate substitute for lirrje, which must be furnished in such basic forms as the 
oxide, hydroxide, carbonate or silicate. On moderately acid or neutral soils there is little 
ground for ascribing much value to the calcium in ordinary superphosphate in comparing 
it with triple supe^rphosphate or ammonium phosphate. 

10. Other Fertilizers anh Manures. 

(a) Potash fertilizers. 

Although the immediate prospects of obtaining more potash are not very bright, there 
should be am])le supplies as soon XxS Europe settles dowji and transport improves. There 
ar(^ vast rt*scrves in Germany, France and Poland and moderate ones in Spain and Palestine. 
The United vStates are self-supporting and the Soviet Union is now said to have 80% of 
the known reserves in the world. 
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(6) Liming materials. 

The supply position in Great Britain has been greatly improved during the war, but 
farmers appear to have been slow to appreciate the merits of ground limestone which is now 
being produced in large quantities. Some of the difficulty may arise through tricks of every- 
day speech. Because we commonly sp(3ak of “ liming ” land someiarmers think that caustic 
lime should bo used and that unburnt limestone is in some way only a substitute. This 
is quite wrong. Although nearly twice as much ground limestone is needed, its cheapness 
and its case of storage, handling and distribution more than make uj) in convenience and 
effic‘iency for the larger bulk, except perhaps where a light dressing has to be put on at the 
last minute as a ])r€H^aution in a field which, for some reason, missed its routine dressing. 


(c) Organic manures. 

In the last few reports in this s(3ries 8ir John Russell reviewed in some detail recent work 
on soil organic matter and farmyard manure. He also discussed the views of those who 
dislike fertilizers and experimental evidence, and are content to ascribe unique virtues to 
compost. Here it will suffic^e to refer in two other authoritative statenu'nts, one by W. G. 
Ogg, Director of Rothamsted Ex])erimental Station, and H. Nicol on Balan(;ed manuring ” 
(Ref 82) and the other by E. J. Salisbury, Director of the Royal Botanic Gardens, Kew, on 
“ Organic; and Mineral fertilizers ” (Ref. 38), and to quote a sentenc;c from the latter paper, 
“ The; ])res(mtation of rnanurial problems as a cjontrovcrsy conc^c^rned with organic manures 
versus mineral fertilizers is due to confusion of thought and compk^te failure to aj)prehend 
eithc^r the facets or the problem.’’ 

E. M. CROWTHER. 

Kothamstkd F^xpkiumental Station, 


Haupknokn, Hkiits. 
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THE BLACK FEN 

The term Black Fen is a somewhat misleading one and Peaty Fen would be more correct, 
for the soil varies in colour from light brown to a sooty black. Intermixed with this dark- 
coloured soil one finds varying shades of grey due to exposed clay and to areas of silt. 
There are even snow-white patches marking the sites of old meres, whose beds were formed 
of the shells of fresh -water molluscs. Despite the lack of bright colours and the flat almost 
treeless landscape, the prospect is not dreary and has a charm of its own, except in the wet 
dark days of December, Another confusing point in nomenclature, is that w^hen the fenman 
speaks of fen, he means the peaty land. The outsider on the other hand does not distinguish 
between th(5 peat and the siltland, though in the latter case the landsca])e is different to a 
remarkable degree and so too is tlu^ farming and the life of the inhabitants. The peaty 
fenland is like a country within a country, and the fenrnan conforms to a definite type, 
dt^spite the varied sources of his origin. 

The ar('a to be described covers about 200,000 acres with the Isle of Ely as its centre. 
Parts of tlie adjoining counties of Huntingdon, Cambridge, Suffolk and Norfolk possess a 
certain amount of jjeaty fern. Dotttxl about the peaty fenland are “ islands ” sucli as those 
on which Ely town and Littl(i])ort art^ situated. These were islands in the literal sense before 
the f ens w ere drained and they are raised ground, consisting of clay and gravel. There is a 
sharj) line of dernarcafJon between the soil types, and the character of the larming differs 
just as markedly. The larger farnuTs and many of the farm workers and small holdei's live 
on th(» upland or the ‘‘ islands and go to work in the fen during the day. Along th(‘ 
margins of the fen adjoining the higher grounds is a zone of varying width rt'ferred t ;0 as 
skirtland. Silt intrudes into the fen at many points and it marks the beds of former rivers 
and tlunr tributaries. 

Holdings are small, though one often finds a number of s(;att(Tt!d farms under one man. 
Taking th(' Isle of Ely as an exam])le, out of a total of ap[)roximat(^ly 4,000 holdings, 1 ,(XK) 
an^ under 5 a(*res and 2,000 under 15 acres. Slightly more tlian 500 exceed 100 acres. 
Oiu^ of the worst features of fenland farming is th(^ lay-out of the holdings, the land farmed by 
a single indivddual being often scattered so widely that a great deal of trav(*lling time is 
ne(;e.ssary. This has probably given rise to the assertion that all the (‘quipment needed to 
i'arm the fen is a hoe and a bicych^. 

A disjdeasing feature of the more remote fens is the absence of good farm buildings, 
and the housing of stock in wooden hovels and badly constructed straw-yards. Some well- 
dtisigned yards have, indeed, appeared in recent years, but most of the farmstf^ads arc sorry 
affairs, composed of tarred wood and corriigated iron in varying stages of dilaf)idation. 
The housing of the inhabitants is little bettor. There are hnv substantial farmhouses and 
most of those have settled in a manner reminiscent of the salt mining districts of (Cheshire. 
It is because of this settling that many people have put up wooden bungalows, adapted 
railway carriages and, in some parts, wooden shacks w^hich look unfit for human habitation. 
One gets the imi)rossion, not so much of a new^ country, but of a country in which the settlers 
do not intend to stay very long so that ever 3 rthing is of a t('m])orary nature. The shrinking 
of the [ieat and in manj^ parts the everpresent flood danger provide the reason. 

The position regarding roads has improved to some extent, due to the laying of concrete 
roadways during the war, but the wide droves are still a feature of the landscape. These 
involve a great waste of land and moreover they are almost impassable in winter. As soon 
as a track becomes too much of a quagmire, the traffic shifts on to drier ground, until by 
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8{)ring the whole roadway is a bog. When the soil dries, it is levelled and rolled and in 
summer one has a sound but weedy road. The isolation of some of the farms in winter is 
worse than in the Scottish Highlands, and the education of yotmg peoi)le has suffered in 
eonsequencio. Development of quite large tracts has lK)on impossible and crops which must 
be hauled off in winter cannot be grown. 

The climate of the Fenland is excellent, now that drainage has removed the causes of 
fen ague and the damp living conditions. The rainfall is about 22 in. per annum and the 
num})er of hours of sunsliine is com])aratively high. Not only may the district be des- 
cribed as sunny, but there is a jx^ailiarly intense light, due to the clearness of the atmosphere. 
This has an cTfect on soil temperatures and, as will be seen later, contributes to the blowing 
of the soil. 

Sysifws of Farming. 

There is little animal husbandry, and dairy cow's are almost a rarity. So f( n are kept 
in some f(‘jis that the supply of cow’s milk does not meet the needs of the })eople living there, 
and large numbers of goats may be seen tethered at the wayside and on the banks of the 
riveu’s. Bullo(;k hioding in yards is the chief nu'ans of utilizing waste ju’oducts and of 
making dung. The yards are often badly constructed and exposed to c^old driving winds 
and th(‘ water supply ])resents jjroblems. It is for this latter reason that heavy weights of 
mang(‘ls are fed, whi(}h often })rovide all the wattn* the animal requires. Dc^spite the close 
proximity to Ixx^t factories, the pulj) does not seem to have found as mTich favour as a 
heeding stuff as one might expect. 

In th(^ days before th(‘ war many fen farmers went in for pigs in quite a larger way, and 
oh many farms theses rej)laced bullocks entirely. A few modern buildings of the Danish 
typ(^ were to he seen but in the main the animals were ke[jt in straw-yards. Swine Ery- 
sipc^las was endemic and caused a great deal of trouble, so also w(Te joint weaknesses which 
were commonly ascribed to rheumatism, but were mainly due to protein or mineral 
d(»ficiencies in the diet. 

A few she(q) art^ folded on the light fens and are often k(‘j)t for the sugar bet^t tops alone, 
but in some places kys an* graz(;d })eforc the tops an^ n^ady. It is mainl> on fens adjoining 
th(* uplands that one finds this practice. As may be iraagiiuxl, the })cmty fens are not really 
suitable for sheej), fluke* and foot rot giving a good deal of trouble. The fenman, too, can 
hardly be (*xpected to ha ve much inhenmt skill and experkuice in shepherding. 

It is frecjueutly said that a return of livestock would solve many of the fen farmers’^ 
prol)h*nis, but there are many reasons to doubt this belief. Those who point to the jiast 
history of the IVmis as an example, seem to forget there is no record of livestock having been 
kept, in any numb(*rs, on the peaty ft^n. It was on the silt land that one would have found 
the sheei) cattles to which C^)l)l)(*.tt referred. A})ai't from the fact that upland farmera 
used adjoining fen for summer grazing then* was no ])lace for livestock on the wet peat. 
A visitor to tin; southern Fenland wrote on 19th June, 176J ; There are 1,400 cows in tho 
parish of Cottenham which feed on t-lu^ fens in the suimniir. The water is, in this dry season, 
up to their bellies.” (1). This shows that fen pasture provided oiily summer grazing 
near to the uplands and unsatisfactory grazing at that. In view of the fact that arable 
farming dominates this area of peaty land, one would expect to find a definite system of 
rotation, but there is really no system at all ; there can be little doubt that the reason is that, 
in the da\s of low' prices, only the crops leaving a margin of immediate profit were grown. 
For some years before the growing of wheat was made remunerative, and before the present 
war, the only crops which could be grown with any financial success were sugar beet and 
])otatoes. Many farms show a long record of these two crojis only, and they were not even 
always alternated. Over the peaty fen as a whole, potatoes had priority over sugar beet^ 
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Wheat occupied third ])lace, though peaty soils are not really suited to the crop nor is 
there much chance of its success on newly reclaimed fens. Rye did succeed, but found little 
favour before the war. Oats me('t with moderate success, but the fenman seems to regard 
the cro]) with some slight contempt and one hears of intractable fen being ‘‘ put down to 
oats,” much in the same way as the upland farmer sjicaks of “ putting down to grass.” 
By contrast with milk-producing and cattle -It^eding farms, there is obviously little demand 
for oats for stock-feecjing on a fen farm. 

C(^l(Ty growing has long been a featun*! of farming on pc^atv fen and many farmers have 
made a speciality of the cro]). The plants are usually raised at a distance and may be grown 
as far afield as Yorkshire. The light ])eaty soil mak(‘s ridging and other operations corn- 
j)arativ(‘ly (uisy and tlie unnistricted water supply is ideal for this crop. Excej)t that celery 
is considenni to be eminently suified for fen in process of reclamation, it cannot b(^ said to 
occii{)y any special place in th(‘ rotation. 

TIk' fenman is always eag(‘r to try new crops, and displays no conservatism in this 
r(;s[)(M‘t. That the iimit(‘d selection of crops was due to unrcrnunerative pric^es, is borne out 
by th(‘ gnuif. increas(* in the number grown during the war . It is (pritc common to sec fields 
of onions, leeks, chicory, ami ryegrass (grown for seed), sights that would have been con- 
sid(^r(‘d unusual a few' years ago. 

'I'lu‘ growing of onions has been encouraged by war-tim(‘ sr^arcity, and the practice has 
b(‘en boTTowral, as it w<‘re, from Ik'dfordshire ; chicory is, how^evcu', a new and int(n*(^sting 
d<*,|)artur(‘. Despite many stork-s as to its jmrpost^s, ineluding munitions of war, it seems 
that it is us(h 1 (‘utirely as a coffee substitute^. cannot obtain definite* figures as to tin* 

acieage gr’own, f)ut this is probably in the neighbourhood of 2,000. The hea])s of chiciory 
wdiich liu<5 the- r*oads in wdnl(*r, apparently unharrutMl by hard w'cuither, give the imjrression 
of extmisivc* cultivation. 

'I'hat t fen far*mer will continue to look for new crops cannot be doubted. Quite apart 
from the mattcT ol pric(*s, lesti'ic-ted crofrjhng has pi*oduced the major ]>roblems of potato- 
root, and sugar-herd eelworrns, and a failure to practisr* a wideT rotation will, in tin* absence 
of souK^ ot her })racti<uibl(‘ contr’ol, rmuin that these* cro])s wnll disajrjrear. Salad (Tops have* 
b(H*n d(*v eloped to some extent on areas where the [X'at is becoming thin. It is probable 
that the growing of fiow'iTS and herbaceous p(T(Mmials will lx* a venture for tlu* future. 
The w^ar jnit a stoj) to a few^ promising attempts. 

J’astun^s, w'ludher j)ermaiRmt or in the form of new' l(\vs,are few and hir between, but 
there is a (x>usid(Tal)le tract of ])ermanent grazing running in a narrow' strij) right through the 
heart of tln^ Fenland. liiis f)ccupies 5.000 acres and is about 22 miles hmg. Tt foriiis the 
Washland betwrxai the New' and Old Bedford Rivers and acts as a safety r(‘servoir in times 
of flood. 'rh(^ s(il is rit'h but the herbage is poor and no doubt owh's its r(*y)utation as ])asture 
to the fact that it is understo(;ked. ({razing is ])ractieally uncontrolled and as the land is 
under wat(T in most winters, and summer floods are not unknown, little attemyd, is made 
at im])rovoment. 

Quite considerable areas of }:)caty feu have been reedaimed since the* war and have 
providcxl interesting cropping jToblems. They have proved that, desyuto our newer 
knowledge, the early fen farmers wen^ right in asserting that they had little choice of (toi)s 
for some years, until the land became fit for cereals. To their limited choic(*. of eol(\seed and 
ryegrass, we can add only celery and potatoes as cro])s that can be grown with anj yirospect 
of success, and they unfortunately make heavy demands on seasonal labour. 

Apart from the problem of blowing of soil, which will be considered later, one cannot 
say that the i)eaty fen demands any great skill from the cultivator, as compared with that 
needed to manage stiff clay or dry thin chhlk soils. One gets the impression that, on many 
holdings, the implements are out of date and ill suited to the type of soil. Under- loading 
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of tractors is quite common — ^fbr the soil is not heavy or retentive — ^but many of these 
shortcomings are due to the comj)aratively small size of the holdings. Conditions on the 
i'caty fen are ideal for nmny of the hand-o[)erated appliances and small tractors, for the 
land is light, stoneless and as level as a table. 

There should be a good field for the development of suitable implements and hand 
tools and there are jiroblems in this direction which would repay study by the engineer. 
This is particularly true in the (Jase of rollers and drills. Because of the peculiarly resilient 
j)ro}>erties of the ptjat, consolidation of the soil is not acdiieved by the ])resent types of roller. 
There is great need also for the development of set^l drills, esptKually of the combine ” 
tyj^e, lor a dry dusty surface is (diaracteristie of most fen soils, even where the water table 
is high. 

Fen Drainage. 

Jt is a curious feature of fenland farming that everything is dominated Ly drainage 
probhmis ; so it has been since the very beginning of cultivations in this ])ai-t of the country. 
There are* two main features oJ' the drainage, the first being the conveyance of u])land waters 
to the sea, across the hVnland, and the second the drainage of th(^ Fen itself. The first is 
an engineer's ])roblem (mtirely, but the other, wdiich is s])oken ofas internal drainage, is one for 
(‘o-o|)(‘ratio)i b(‘tvve(‘n the engineer and th(^ agT*iculturist. 

'fhe internal s\'steni of drainage practised in the Fenland is extremely complicated, 
and th(; intricate net w'ork of open drains or ditches, main drains, small rivers, cuts and lodes, 
to say nothing of the Ouse and the Old and New^ Bedford rivers, is so bewildering to the 
stranger that he abandons any ho])e of understanding it. The lo(‘ation of sluices and 
pumj)ing stations js even more confusing. Everything si'cms to have been built up in a 
hotc^h-potch fashion, without any ineiumceived plan. This is true to some extent, but a 
clear understanding can bc^ obtained by studying the history of Fenland drainage. This is 
admirably set out in " The Draining of the Fens ” by Darby (2), which, provides also an 
historic record of agricultural conditions since tfie drainages 

Attem])ts w’t*r(‘ made in a small way before Vermuyderi commenced his enterprise, but 
his work constituted the first serious attempt. Before 1631, whim he cut the Old Bedford 
river from Karith to Df*uver and split the peaty fenland into two halves, the Ouse conveyed 
all th(‘ u])land vvat(‘r across lh(‘ fens to the sea by meandering through the south east of the 
Fenland and collecting tributary w^aters from Suffolk and Norfolk. Its t'xact course is 
sumc^what doubtful, but it formed a huge bow away round the east side of the island of Ely. 
The cutting of the Old Bedford river, and twenty years later the ])arallel New Bedford river, 
was intended to short-circuit this bow^ of the Ouse and tak(> the waters in a straight line from 
Earith to D(*nver. Th<* area of peaty fenland south of these two rivers is known as the 
South Level and that to tlu* north as the Middle Level. Much of the land in the Middle 
Ix^vel is silt. Nortli ol’ a liiu; drawn from Peterborough to Denver Sluice is situated the 
North Tii^vel. This latter contains no jjcaty fen and need not be consider(‘.d in this account. 

It is always easy to be wise after the event, but it would appear that when this main 
attem]>t to drain the fens was made, in the middle of the st'ventc€mth century, two funda- 
mental mistakes were committed, it was not realised that more water entered the river 
Ouse during its course througli the fens, from Earith to Denver, than came from the uplands 
bc^yond Earith. The other mistake was that the rapid shrinking of the peat, consequent 
upon drainage and cultivation, w as not anticipated. The result of the latter phenomenon 
was that the beds of the Ouse, the Old and New Bedford rivers, and many other water-courses 
were soon above the level of the land. The rivers were banked up by dredgings and 
transported clay but were, of course, built on a bed of unstable peat. 

When the rivers are swollen with flood water from the uplands and with water pumped 
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into them out of the fen itself, and when the sluice-gates at Denver are shut against the tide, 
the banks sometimes burst under the strain and several disastrous floods have been experi- 
enced. The most notable of these was in 1914, when a vast area of the South Ix^vel was 
under water for the best part of tw^o years. Such major disasters, and the threat of them, 
gives a feeling of insecurit;y , which has a profound reflect on farming. It is because of this 
danger that a scheme has been adopted, to be put into effect in the neai* future, which will 
remove the danger of flooding from the South Level as it has been removed from the Middle 
Ltwel by the erection of the great sluice at St. Germans. The details of this scheme cannot 
be considered in a short account of Fenland farming, though it is interesting to add that it 
is much tl)(* same as that commenced liy the Romans and abandoned when they left this 
country. 

Internal drainage, the removal of water by f)umping from the land up into the rivers, 
is a matter for both engineer and farmer, and, with the shrinking of the })eat, it prt^sents a 
prohhmi of the first magnitude and one of ineroasing difficulty. ^Fo the outsider, the 
whole history of internal drainage aj)pears to have been oik^ of controversy and friction ; 
aiirl tht‘ outlook of individuals, at ever\ point from tht‘ furthest fens to the outfall at King^s 
Lyim, is peculiarly parochial. 

It appears that in past yf;ars, as ea(4i area W7is reclaimed, a drainag(‘ board W7is set uj) 
for that area. Tlie commissioners of th(‘ board w'cre res}>onsible for administration of the 
an^a, which was not, in its functioning, a drainage entity ; moreovau* the board’s intereh4/S 
|)robably confli(*ted with those of the adjoiiung board. Some of these bodies did their wwk 
well, w'hilt^ otluTs did not. A graphic account of the state into which some areas had fallen 
is to be found in Alan Bloom’s book, “ The Farm in the Fen.” Matters have been remedied 
to a larg(‘ (‘.xtenit by the (aeation (in I9,*14) of the Gt. Ous(‘ Cat(’h merit Board. 1’his Board 
has directional [)owers over the internal Boards, There art? 70 boards in the Middle Level 
and 25 in the South Le?vel. They are represented on the (^itehment Board and must seek 
its a])proval to any proposed reorganization. 

This new administration has by no means std-tled all tb(‘ problems of intt^nal drainage. 
Tt can be said tliat. th(‘ engineer can move watt'r as he is re(iu(?st(?H to do, and that he has (control 
of th(' situation ; but the farming community have, on the other hand, no definite know'ledge 
of their o^^n n(?eds. There are many conflicting int(?rests, for the wht‘at grower demands 
a low water table, \\'hile the celery grower demands a high one. There are many schools 
of tliouglit on the general objective of drainage but tluy can all be (classified broadly ujkUt 
two heads, the wets ” and the “ drys.” One school believes that over-draining is the 
ruin of fen farming and is responsible for blowing of the soil. The* other believes that 
further r*emoval t)f wat(^r is essential. The fact is that neither protagonist jrossesses exact 
knowledge. Tbfcrc* is a great iux?d for the further developiincnt of the field r(?sear(*h already 
initiated by Nicliolson at the Cambridge School of Agricailture. 

Despite all the difficulties and the conflicting opinions, a visitor to the Fenland is 
always impressed by the excellent condition of the open di'ains. Thcar straightness and 
clean-cut sides, es compared with those of the uplands, are as much a charaettu’ of the 
landscape as the black soil and the unbroken vista. Drainage rates art' very high in some 
fens, but the charge that drains are deliberately neglected in order to lowx'r the rates, 
seems to be without foundation at present. 

A curious character of fen soils which will be discussed more fully later, is the* extreme 
dryness of the surface zone down to a depth of several inches. The difficulty of obtaining 
a moist seed bed is a very serious one, and crops may suffer severely from drought in the 
early stages of their growth. This has led many people, pfirticularly those? with market- 
garden interests, to consider overhead irrigation. The fact that the watitr would not 
require pumping, but could be siphoned over from the rivers which are at a higher h'vel, 
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would seem to suggest that conditions were ideal for this practice. Unfortunately, such 
is not the case ; for there is the extraordinary anomaly that, at the time of year when 
irrigation would be an advantage, there is not sufficient water in the rivers to provide for 
irrigation on any considerabhj scale. The water courses are very slow running and any 
reversal of the flow, when siphoning water out, would cause sediment to run back out of the 
main rivers and choke the stream. 

The Shrinking Peat. 

The fact that peaty land, when drained and cultivated, b(‘gins to shrink at a great rate 
for several years, and later at a st(‘ady rate of I to 1 inch per annum, may appear to be 
nothing more than an interesting natural phenomenon. It is no exaggeration to say that 
this ])henomenon has had a greater influence on Fenland farming aiid on drainage than 
any other. Tlie fate of the peaty fenlands is sealed and so long as they are kept drained and 
cultivated they will, as fens, gradually disappear. 

The causes oi shrinking are plain and inevitabk*. Undrained fen may contain uj) to 
95 per cent, of water and 5 i^er cent, of j>eat, a startling but real fact. In the initial re- 
clamation and draining a high pro])ortion of the water is removed, and the peat settles for a 
f(*w years at a great rat(\ Striking evidence may be seen in Denton Fen, Hunts., w^here an 
iron post (known as Holme? i)()st) was driven into the ]>eat down to a foundation of blue clay 
in the year 1851 or 1852. In the first ten years the x)eat settled at the? rate of nearly 5 inches 
a year and for the next ten at 3.\ ituihes a year (3). Despite a p<?riod wh(*n the land has bt?en 
derelict, the top of the post, which was once flush with the ground, is now^ about 1 1 feet 
above ground. 

Apart from m(?ehanieal settlememt. tin* peat is also disa])pearing tlirough oxidation, 
due to exposure to the air consequent uj)on drainirig and <;ultivation. This is also inevitable, 
for th(‘ p(?ai is organic, matter, which is (eventually dissipated lik(' farmyard manure or any 
other forms of humus. It was, after all, only because of the waterlogged condition of the 
Fenland that it evtu- form(?d at all. The type of cultivation prac^tisinl will influ(‘n(*e the rate 
of dissi])ation, but even under grass this will, unless the })a.sture is allowcid to degenerate to a 
swamp, be reduced only to about half. 

The n'sults of this shrinking, or wastage to us(‘ a more appropriate term, ma\ already 
be s(‘en over (piite e.OT^sidcrable areas. If the pcjat has disa}>pear(xl down to a be.d of clay, 
one will find (juite good conditions still prevailing. The clay is, howeveu’, not level but has a 
more or less undulating surface, so that om* has a mixture of soils under such (*onditions. 
It is lik(‘ly that the r(‘sidue of peat, still left in the clay will persist for a considerable time. 

In th(? areas vhen* ridges and patches of clay have appi^ared, the drainage of the 
lii^lds, by se(^ping of watc^r through the peat to the ojxm drains, is obstructed. A great deal 
of pipe draijiage has been eari’ied out in rc^cent years, and much n)ore will have to be done. 
On the clay annis, the tyjje ol' farming jiractised may not need to b(‘ varied greatly. One 
finds, ill fact , that those wiio are now farming light blowing })eat, pray for the day when 
th(\v will g('t down to the clay and when theii* ero.sion troubles will be over. 

It is when? pc'at overli(;s sand that scuioiis coiis(?quences will arise, for the farm will 
thtm encount(?r all the probhnns ol the light-land farming and, unless syste^ms are changed 
ladically, these arenas may becoua^ rabbit warnm. In such cases it would seem that there 
are ])ossibilities for h^y farming, though in (me part of the Fenland, market gardening, with 
(uiipluisis on salad crops, appears to be progressing on land where the peat has wasttxl down 
to grav(‘l 

The attiludes of the ferm(*r and of the drainage enginc^er towards the wasting of the peat, 
contrast sharpl> . 'Fhe former displays a cheerful eom})laeence, while the latter views the 
couseciuenees with grav(‘ forebodings. The engineer visualises the need for the lowering 
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of culverts and also for the greater power that will be required to boost water over the 
higher ground from the j)eaty hollows. The rivers will be still liigher above ground level. 
Against all this, the farmer foresees the advent of stronger and more efficient pumps. 

It is difficult to see how the gradual lowering of the peaty fenland can be avoided. 
l.«ess intensive forms of cultivation might slow it up, but it is doubtful if the tyx)e of farming 
visualised could enable the farmer to pay his drainage rates. One cannot get over the fact 
that the fens are a w^asting asset and, though several generations of men may farm them yet, 
they must eventually disa])pear. Whether we should exploit the land to the full and 
regard it as a wasting asset, or whether it should be conserved and (exploited only in times 
of national emergency, is for the economist and the statesman to d(^eide. 

Management of Peal Soils. 

The soils of the peaty fens [jrovide many interesting f)henoTnena which one does not 
meet on upland soils nor on ]jeaty soils in other parts of the country. Many people have 
gained the impn^ssion that these soils, having been built up in hard water, are not acid and 
that they have a high linui content. There are, actually, (piite extensive arenas of acid peat 
which have ,ap[)arently been form(‘d in the old ien woods, wdiih' the remaining non-acid 
peat has devt'loped under chalky v^’ater. Acid hm soils behave^ very differently from acid 
land in other j)arts of th(‘ ccaintry and the rules for the management of ordinary acid land 
do not apply. One may find good crops of barley growing in unrotted luni})s of acid |>eat, 
and a])])Jications of lime to such land have, if anything, a harmful eff(H*t. One can n^dnee 
th<‘ acidity by liming, but unless it is done w'ith disendion, and to a limited degree, the peat 
becom(‘s very hard and diy. 

F(‘n soils an* commonly regarded as b(‘ing highly f(*rtile, but this is not entirely true. 
H(‘avy dressings of su])erphosf)hate w'(‘re used in the past but apparently little* more in th(^ way 
of ]Miichased fertilizers. It is an <‘\traordinary fact, howcvei, that on soils so ric-h that 
cereals lodge (*vcry year, potato(‘s will res])ond to dressings of sulphate of ammonia. In 
sonK* ])arts, wh(*re, on theoretical grounds, one would ex})(*(‘t a n‘s])onsi* t.o })otash, there is 
no resptmse in the sha])e of incrc'ased yields. There aw areas, however, where this fertilizer 
is (‘sseiitial to the prevention of actual crop failure. In all an’as on<* finds that potash ])lays 
a valuable part in restricting the grmvth of potato haulm. 

There is a common practice throughout the ]H*aty fenland ot a})plying asht‘s, usually 
mixed in (apial parts with sup(Tj)hosphate, as a fertilize*!*. Many pco])li‘ have criticised 
this practice as being without, purpose, but tlK*r(* is no doubt that it does stimulate seedling 
establishment. The ashes are obtained from tin* cleanings from tht* oj)en drains, which 
contain a high ]>roportion ol* clay, but there is no doubt that the jiractiee is a survival of the 
old system of ])aring and burning, c*arri<‘d out in tht* early days of cultivation ot tht* })(*aty 
fenland. It is interesting to recall that Voelck(*r recommended tht* aiiplication of burnt 
clay to fen, mixed with the ordinary clay, and he a])poars to have noted the beneficial 
effects (4). 

A great deal is WTitten today of the benefits that acerut* from tht^ use of larmyard 
manure, composts and other organic manures. A school of thought has sprung uj/ which 
attributes quite a number of th(^ troubles of the fen farmer to the fact that he uses v(iry 
little, if any dung. Eel worm in })otatoes, and many other ills are attributed t o this 
deficienciy . If one attributes the benefits of farmyard manure to the organic matter of which 
it is mainly composed (for the inorganic nutrients can be sup])lied by chemical fertilizers) 
then it is difficult to understand how the addition of a dressing of dung, to what is already 
a bed of humus several feet deep, can be of any advantage. 

An ingenious suggestion has been put forw^ard that farmyard manure inoculates the 
soil with organisms that antagonise or prey upon siujh pests as eelwwms. Thejo is nothing 
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to rtuppori this idea, but it must bo admitted that newly reclaimed fens, which have been 
waterlogged, cannot contain a normal soil flora or fauna. One finds crops of beans in a very 
poor state of dev€do])m(mt with a scarcity or even complete absence of nodules on the 
roots. The idcui that dung will bind tiic soil is quite wrong, for peaty fon soils become so 
hot that organic matter loses its (H)lloidal or sticky properties. 

Water conditions in the ju^at arc rather remarkable, in that one may hav(^ a dusty, 
l)one-drv surface with hard dry clods down to a dejrth of a foot whereas, below^ a level of 
about If) inches, the soil may be so waterlogged that the water can he scpieezed out between 
the fiiig(‘rs, and the roots of wheat will not p(‘nctratc into it. This condition doubtless 
(wplains why wdieat fails on some apjiarently dry fens, for it is a ero]) which, to ust; a popular 
<‘X})r(‘ssion, “ cannot stand wet fec^t.” These conditions are more (common on th(^ newdy 
reclaimed fens than on lh<‘ established ones, but they are evidtuice agaiirst the view that 
the fens are overdrairuHl. 

In certain years great trouble is exj)erienced from hlowdng, and th(' ])hen inenon is 
always worst in new ly reclaimed fens, mainly beeaiis(‘ the soil is light and uuscdtled. Those 
who hav(‘ no (‘Xjjt rieiiec' ot th(‘se dtist- storms cannot appn eiate tluur gravity. Newly 
drilled seed togtdher with the fertilizer may be swept off a field, and sometimes a young 
crop may be carried away too. The open drains can bt' fill(‘d to the brim in a mattcir of a 
few' hours, and many thousands of })ouiids of damage done in th(‘ same space ol time*. Those 
(lust storms arc a great public nuisance*, for the fine black dust penetrate's through cracks 
in window' f)an('s and fouls dw(‘Jling houses. 

Tlie* causes of blowing are* very compl(‘x, but a pro])or understanding of the* factors 
whi(‘h contribute* to this slate ol affairs would do much to prevent usoh'.ss expenditure on 
jialliative'S. ddu* trouble is not entirely tlue to the swe'eping of high winds over a troedess* 
plain, but primarily to the^. peculiar nature* of the f(*n soil. The colloids in the fen pe*at liave? 
lost their binding ])rop(;rties and the^re is nothing, once the surface* soil is dry, to hold it 
together in firm clods. The black fen soil becomes very hot on the surface, through the 
radiant he*at of the sun, and this condition is intensified }>>’ the* fact that jx^at is a bad 
eonduet-or, and does not take* the b<*at dowui readily. 

If th(*i'(* is bright sunlight, as there usually is in the Fenland, the surface of the soil may 
ivaeh a temp(*ratajre of nearly (KrF. on a bitterly cold day in Februairy. The^ cold winds of 
(*arly s})ring, })assing ov(‘r this warm surfaces give rise to eddies which raise the dust in little 
w hirlwinds ; once* it has lifted from the surface, it is whisked aw- ay by the wind to form a 
gaihe'ring etloud. It is th(‘re*fore not the* liigh winds which are primarily responsible : in 
tlie abs(*nee of exldies caused by cold air {)assing over a warm surface, the high winds 
would not raise* the dust. 

('laying. 

No account of laiining on the [)(*atv fen would be eom])lede without some comments on 
i-he* jnactiee* of claying or marling. This was common in the past and the old hands at the 
job are^ referred to as (iaynie*ii. Little was done during the period between the two w'ars, 
))ut there is some indication that mechanization may bring the practice into its own again, 
Th(*re can be no que^stion that claying provides the solution to the problem of the prevention 
of blowing and an> fenman will admit that a w'ell clayed field never blows, even if it is in 
the cenfre* of a bad blowing area, (claying has edlier advantages, for it improves moisture 
conditions and ge*neral fertility. The colloidal matter in cla\ does not lose its binding 
|)rop(*rt i(‘s under the burning boat of the sun. 

The* value of claying has be*cn appreciated since the days when cultivation started. 
Wells t‘xpreHsed the o})inior> that a clayed soil did not suffer so much, either from extremes 
ol tern] )( rat ure or severe spring frosts, as an iinclayed one. An account by this author of 
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the claying of recently reclaimed bogland near Whittlesey Mere, appeared in the Journal 
of the Royal Agricultural Society in 1 870 and describes how land, formerly yielding no rent, 
was let for 30/- an acre after claying. (5). 

Several types of true clay occur in the Fenland and they are referred to collectively as 
gault.” Even geologists did not distinguish other clays from the true Gault and th(^ old 
daymen may be excused for their confusion. Tht?r(^ is one type of clay, or more correctly 
speaking a type of silt, which is found at comparatively shallow d('pths in the peat and 
which is known as “ Buttery Blue.’' This has a certain amount of fertilizing value apart 
from its binding properties, but it is not so lasting in its effects, and is not st) valua ble in 
tlui long run, as is generally believed. 

The labour of claying must have been colossal. It is considered so today, even with the 
aid of excavators, tractor-drawn v(‘hkies and bulldozers, but the old daymen dug the 
day and spread it by hand, at rat<\s of jOO to 200 tons per acre. I’he effe(^ts of real (Jault 
v/eve stated to lavst for 50 years and, this being the case, the cost was worth wdiile. The 
])roblem to-day is to reduce the cost to a level that will make the o])eration economic ; 
it is claimed that it can bo done mechanically for £0 ]ier a (‘re. There is certainly good s(5ope 
for res(^arch in this direction and also to find sourc(‘s ot' day in dose fuoximity to the sites 
?‘e(|uiring claying, local knowledge' k lamentably lac'king as to ih(^ source's of day, and 
good material has turned up in many unc\pe(;t('d }dac(^s. 

.7Vfr Future itf the Fens. 

Many of the difficulties facijig ih(^ fen farmer a])j)car to Ix' unsurmountable and one 
could paint a very gloomy picture of future prospects. Th(' attitude of the typical lenrnan 
may bt^ dosci’ilx'd as stoical. He has mastered so many difficulties in thc' ])ast, and beconu^ 
so inured to hardships, that he disj)lays a steady (‘onfidencc'. It is obvious that h(‘ caimot 
(‘ontinue with his pr<wnt narrow’ rotations and the diseases which arc* associatcHl with 
th('m. But the j)ossibility of a (*hange over to a gr(ud(‘r variety ol* er(,)])s will depend oji 
economic (ircumstances. It is to be hoped that any encouragement that may be given 
will be towards a diversity of crops rather than towards a narrow comauit ration on two 
or thre(\ 

It is fashi(mabie to-day to regard ley fanning as a [)anac(‘a for all ills. Many people 
have' assert(xl that it would bo the salvation of the huis, and some liave gone so far as to 
re(*ommend large-sfiale dairy fanning. A moment’s reflection will show the 1‘utilily of the 
latt(T suggestion. The capital outlay on buildings alone would fx^ (uiormous. Every field 
would have to be fenced substantially to prevent not only th(' straying of cattle, but death 
by drowming in the open drains, and it is difficult to see how’ returns from any form of stock 
larming w'^ould stand the high rc'iits and drainage rut(is. 

The most critical problem is that of housing, roads and water supply. It comes as a, 
surprise to people who have only h(*ard of the fens to know that the water position for 
livestock, for s})raying and most j)articularly for household use’s should be so eritkal. The 
days have gone when farm workers and smallholders will live in hovels miles away down a 
muddy drove, and the position will have to be reim'died by one’s means or another. It is a. 
j)ity that concrete roads have had to be laid in war-time, at great exjjensi* and without any 
j)reliminary experiment. Lessons learnt on the battlefields may do much to solve the road 
I)roblem in the fens. 

It should be borne in mind, by those who question whethei it is worth whih* saving the 
situation for a section of the farming community who find themselves in difl iculties through 
natural forces beyond their control, that it is not only the farmers who wdll suffer if the fens 
go back to primaeval swamp. The nation will lose a rich larder in times of emergoncj" and 
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a large community of traders and professional |)eople, whose living depends on Fenlond 
agri(mlture, will lose*, their means of existence. 


Aoknowle noM knts. 


1 am indebted to the Executive Offi(.‘er of the Isle of Ely War Agricultural Executive 
fV>mmittee for the analysis of holdings in that (‘ounty in size groups. 

a. H. BATES. 


Farm I nstj titte . 

J*ENKRO)fjp:. Staffs. 
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SEED POTATOES 

with special reference to English Seed Potato Production, 

There could be no bettor time than the present to pay tribute to the humble j)otato, 
which has played so important a part in history. For the past 100 years it has influenced 
man’s destiny, but the greatest test of all came at the outbreak of war in 1939. The 
amazing production of this crcjp on which we have depended so much to save us from 
starvation, is not the least of achievements of the last six years. Behind this great 
effort were the growers, who have every reason to be ])roud of their response to the call for 
maximum production of this yital foodstuff. 

Science and Practice : Virus Diseases. 

Maximum production demanded irnnKiiise effort on the part of all connected with the 
industry, and the link between sciemcic and practice was strengthtuied as the netressity for 
increased prodiu^tion became mon^ acut<\ One outstanding fact which emc^rges at the end 
of the war is that potato growers liave been stimulated to sear(‘h for furthcT knowledge and 
in consequeiu?e many of them have betjoine * virus-conscious.’ It was fortunate for this 
nation that, as a result of research, it was known that tlie cause of degeneration in potatoes 
was contamination with plant viruses and not senile de(*ay. This knowdedge, now put to 
])ractical use and advantage t hroughout the wdiole country, has been of the first imj)ortanct‘ 
to the potato (;rop in rec'cnt years, and has given a very real meaning to the slogan ' lJ(‘althy 
Seed for Healthy Oops.’ 

It is w(dl at the outset that the reader should bt'come familiar with the terms ‘ health \ " 
and ‘ unliealthy ’ as thes<; are freely used in connection with seed ])otatocs and seed 
certification sch(mi(\s , they relate only to the absence or ])r<*senc(» of virus diseases in the 
growing crop. 

The imf)()rtance of h(udthy seed in potato culture- has beem shown by th(^ ])erformanc(^ 
of seed ])otatoes certified under the various health certification schemes ojanating in (Treat 
Britain, and such crops hav(‘ been the basis of maximum production. 

’riiese schenu^s form the basis of [)ractical field demonstrations wdiicli ar(^ laid dow'ix 
each year at the Midland Agricultural (\)llege for the ])urpos(' of placing actual (nddence 
b(‘for(^ the growxu's. \dsits to tlu^ demonstrations j^vido a-n o])portunity to discuss, and 
rec(‘ive advice on, each grower's own particular problems. The trade has expresscMl the 
desire to keep in close touch with these ])ractical deraonstrations ; merchants attach most 
importance to (a) the })lots showing the effec^t of the S})read of virus diseases in the field, 
and (b) the facilities for training in the identification of potato varieties. 

For many years scieut ists have been investigating the reasons why ])otato stocks from 
northern districts lose much of their vigour and cropping power when grown once or twice 
in the milder English climate. Of the first imj)ortance, as statcjd, w^as tluj discovery that 
degeneration was due to virus diseases, the symptoms of which are shown in the foliage and 
the result in the yield. The main virus diseases with which every potato growxT should 
become familiar are leaf-roll and severe mosaic, whose presence in a crop is shown by 
dwarfed, crippled -looking plants. The important points to be stressed about these diseases 
are firstly that they are infectious and are spread in the fkdd during the gi owing season from 
infected plants to neighbouring healthy plants mainly by aphids (greenfly) ; and secondly 
that the tubers saved from plants already showing the distortion of virus infection will 
produce plants in the following year which are not ojily more feeble and crippled but will 
act as dangerous sources for the spread of virus to surrounding healthy plants. It is <lifficult 
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for the uninitiated «eed potato grower to realise the full extent of the spread of virus diseases 
in the field until he has tried out methods to control eontamination, as normal healthy plants 
exposed to infection do not as a rule clearly show visible signs of infection in the current year. 

It is no exaggeration to say that the crop lifted from infectod plants can be less than 
one-half of that obtained from normal healthy ones. Costly manuring and cultivations — 
or the old idea of a (ihange of land — are of no avail as a means of overcoming the effects of 
virus inf(‘(^tion, but on(‘o it is understood why healthy stocks rapidly “ run out ” or de- 
generate, the grower c^an direct his attention to methods of control. 

It is not generally nvilisc'd by English growlers that in pre-war days only sufficient 
s(^ed w^as imported (^very ycuir from Scotland and Ireland to plant a})i)roximately oru^ -third 
of the total acreage grown in England and Wales ; the remaining two-thirds of their re- 
quirements being provided from their own crops. This latter supj)ly was, in the main, saved 
from the ordinary ware cro[), the seed sizti tubers being retained and planttnl in the following 
year, often with disastrous n'sults in yield. No method is known at present for aistinguish- 
ing virus-infected from healthy tubers. It is most satisfactory to note that the old practice 
of buying seed on the basis of an examination of the tubers alone, is fast disappearing, and 
th(' gospel that it is not tmough merely to save potatoes from any ware crop but that crops 
must b(‘ s])ecially grown for seed (or at least must be growm under the conditions expressed 
in the health certification schemes) is becoming wddes])read throughout England and 
Wales. 

Seed potato growers in Scotland, Ireland and the higher districts of England and Wales 
have* the advantage's of a scarcity and of a restriction of movcmicnt of aphids in their re- 
spcH'tive countries ; the cold (dirnate is not conductive to high ajhid population and the 
heavy rainfall and strong winds restrict movement. 

'I'lie commonsense of seed production has been embodied in the certification schemes 
t^stablishcd by the various DcjKirtments of Agriculture. Under these schemes crops are 
insj)('ct(*d and certified as suitabhi for seed purposes. In order to understand the full 
significance' of c(‘rtified seed it is w'ell to be acMpiainted with the terms used, and the following 
IS a brief ex planation : — 

Jjeaf-roll : affected ])lants are usually stunted and lacking in vigour, have a stiff 
a})pearanct* and ratth' when shaken ; the leafhh margins sho^t a rolling upwards and 
inwards, b(;(*onung funnel-shaped and brittle. 

Severe Mosnie : tlu' plants are dwarfed and, as the season advances, the weak stems 
tend to droop. This is followed by total collapse of the plants wdiich then sprawl 
over the drills ; the h'aflets havi^ a pucluTcd appearance and are smaller than normal 
with yellowish-green mottling. 

Wildiug^^ : these are small bushy jdants with numerous very thin stems (in some 
cases there are dozc'iis of branches) and a large number of underground stolons. The 
leaf hi s have a tendency to become round and there is a marked reduction of 
secondary and ])rimary h^aflets, usually resulting in one roundish terminal and one 
or two pairs of incons])icuous leaflets. The crop generally consists of numerous 
small tub(‘rs ranging from seed size to those like jieas, the latter size predominating. 
Bolters : this type of plant, like the wilding, can also cause a certain deterioration 
within a (*roj). Th(\y arc^ much taller and coarser plants than the normal ones, with 
very marked strong, upright branching of the stems ; they generally flower more 
freely, later in maturing and if allowed to mature produce coarse tubers, 

‘ True to type ' : the figurt undf^r this heading is an index of the purity of the stock. 
All plants of other varieties than that of the crop as entered for inspection are known 
as “ rogues ” and 99.5 per cent, true to type means that there wore 0.5 per cent, or 
less of rogues in the growing crop. 
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The virus content, jmrity, etc., of a stock is determined after careful and cautious 
inspections have been made whilst growing (twice for Stock Seed and once for stocks graded 
^ A ’ and ‘ H ’), and the following classes or grades of certificates are issued as a result of 
these field inspections : — 

‘ S.S ’ {Stock Seed) indicates crops 99.5 per cent, true to typo containing no bolters 
and not more than 0.25 per cent, of virus diseases and wildings, including not more 
than 4 plants per acre affec^ted with leaf-roll or severe mosaic, or wildings. 

‘ A * Certificate is issued to a cjrop 99.5 per cent, true to typo which contains not more 
than 1 per cent, of readily visible virus diseases, of which not more than 0,5 per cent, 
may be leaf-roll, sevtire mosaic or wildings. 1"he amount of mild mosaic present 
in a crop is taken into consideration at the time of inspectiOii. 

‘ H ’ Certificate is given to a croji 99.5 ])er (icnt. true to type and containing not more 
than 3 per cent, of leaf-roll, sevtirc mosaic and wildings. 

It is interesting to discuss the potentialities ol’ the above-mentioned grades of seed. 

Stock Seed (jortificates have in the past been issued only in Scotland and Ireland but this 
year they have been embodied in the English health certifi(;ation scheme und(n‘ (conditions 
comparable to those obtaining in Scotland and Inland. It will be realised that seed from 
a (crop aw^arded a Stocck Seed (?ertific*ato is of superior health as far as virus diseases are 
conc(crned ; it is also a high-priced commodity and should, therefore, bc^ used ex(‘lusively 
for seed-})rodu(jtion purposes. It is de}>lorable that hundreds of tous of st^ed of this super- 
lative health grade are })lanted annually for tin* ])roduc.tion of ware (Tops in England. 
It is the ty[)e of seed whicjli should bo directed into (jhannels where it can be ])urchased and 
grown for seed with great benefit to those growers whose geographi(;al situation is ideally 
suitable for super-seed production, i.e., certain districts in the north and west of England 
and Wal('s. ln(;ideiitally, th(‘ issue of Stock Seed certificates in England and Wales is re- 
strict(»d to crops grcjwn in thase districts. IMany English growers a[>})arently do not 
aj)pro(aat(i what labour and hjrethought have been expended in its ])rotluction, for pro- 
ducers of Stock Seed are enthusiasti(i, take an intense intcTest in tludr potato crops, and are 
very zealous in tlnnr seed-growing efforts. 

‘ A ’ (Certified Seed stocks are the jiopular class of seed for production of ‘ H ' grade 
in the; following year. Tluir vims content is low and wlam gi’own with care and good 
])lanning should produce excellent crops. As in the case of Stock Seed cei‘tifi(3at('s, ‘ A ’ 
c(a’tificates are restricted in England and Wales to crops grown in certain districts in the 
north and west of England and in Wales. 

‘ H ' Certified Seed stocks are grown under the same cultural conditions and planning 
as th(^ ‘ A ’ stocks, but as their virus content is up to 3 ernt., the resulting cro]) should 
be grown exclusive]}^ for ware produ(dion in the following year. I'hey arc perfectly 
suitable for this purpose, provided that the land is suitable for potato culture, is well 
manured and cultivated, is free from eelworm infestation and that a suitable choice of 
varieties is made. 

Uncertified Seed, It should be pointed out that crops resulting from English ‘ H * 
class of soo(i are not inspected again or admitted into a certification scheme for sc^ed pur- 
poses in the following year. These stocks automatically become ware or uncertified seed, 
and an}^ grower purchasing this tyjie of potatoes does so at great risk of obtaining poor 
growth and much reduced yields. Progressive ware growers can, nevertheless, do much 
towards producing their own uiK^ertified seed which may be very suit^able for ware pro- 
duction in the following year, and has a great advantage over seed saved under the old 
haphazard methods. 

A study of the modem system of seed production shows that the production of good 
seed in England and Wales is not a complicated affair. Successful potato growing can be 



88 


Seed Potatoes, 


learned from the methodH adopted by the Stock Seed growers, and these also apply, with 
certain modifications, to the ‘ A ’ and ‘ 11 ’ seed producers. The main features are : — 

(1) The fresh set^d planted should be from an officially certified stock. (In the case 
of Stock Se(‘,d it is of interest to note that there are many instances where a stock has been 
built up from a single healthy j)lant). 

(2) The (iiof) must be grown in isolation from any other potatoes of doubtful or un- 
known health. The minimum isolation distance is 10 yards where surrounding crops are of 
a high standard of health ; no certificate^ will bo issued in res|)oet of a crop within 50 yards 
of other f)otatoes whit^h show evidemeo of substantial virus infection. It will thus be seen 
that isolation is of j)rimary importance to the seed producer, and forethought as to the actual 
growing area at planting time is oss(>iitial, special attention b(ung given to the possibility of 
contamination with virus diseases from potato crops likely to be growing on neighbouring 
farms ; fences are no barrier to aphid movement. 

(3) No danger zone should be created by the grower himself. The t<unptation to 
fill out ‘ that last half-acre ’ with once-grown seed of unknown health should be resisted, 
as it will probably })reelude the croj) from being considered fit for seed jmrposes under the 
certifi<;ation scheme. Many excelhmt crops grown from certified seed have been absolutely 
ruined for further seed purposes by the introduction of virus into the fi(‘ld in this way ; 
therefore these vacant areas should i)e planted up with crops other than potatoes. Old 
clamp sites are eciually dangerous ami special attention should be given to the (bearing of 
such ground. 

(4) Precautions should be taken to eliminate possible contamination within a seed 
plot early in the growing season, that is, as soon as a fair amount of foliage has developed. 
Severe virus symf>toms can be seen at an early stage of growth and it is important that such 
infected ])lants be removed before tubers are formed, so that there may be no risk of leaving 
tubers behind. Infected plants left to grow' on serve only to spread infection amongst 
the healthy plants surrounding them. As high-grade (}(U’tified stoc^ks possess a certain 
guarantee of health, it is clear that the work of removal of infected plants within a crop 
grown from such a stocjk is n^din^ed to a minimum, but a crop containing more virus-iixfected 
plants than the standard fixed for certification presents a risky j^roblom in the matter of 
nunoval, es[>ecdally in the milder (;limat(^ of England whore virus diseases are spread very 
rapidly by flying a])hids. In such cases it is wise to (jonsider the (toj) as suitable for ware 
production only. All variations, suc*h as wildings and bolters, should be rogued out during 
the growing season and whilst identification of the different types is possible. 

(5) In seed production ground -keepers (or self-sets), V’.c., potatoes left in the ground 
from previous crops, must not be overlooked, as they can be a very serious source of 
inft^ction if derived from a crop which contained a high percentage of unhealthy plants. 
These become centres of distribution of infection within the seed -growing area ; therefore 
one of the main ess(‘ntials in first-class seed production is to adopt as long a rotation as 
possible. The advantage of a long rest or break between successive potato crops cannot be 
over-stressed; it is very desirable not only for the puri) 08 e of clearing the land from ground 
k(^epers but for the safeguarding of future potato crof)s from serious pests and diseases. 

In brief, the essential points in the production of healthy seed are — planting of certified 
seed in isolation, good i)lanning of the potato area at i)lanting time, freedom from ground- 
k('epors and a long rotation. 

Literature can be obtained from the Ministry of Agriculture explaining the conditions of 
the scheme for the inspection of growing crops of potatoes, and much valuable information 
is given in the Ministry’s Advisory Tjcaflet No. 139, ‘ Potato Virus Diseases.’ 
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Varietal Tests. 

Despite the encouragement given to seed potato growing through the certification 
schemes, many growers are still unfamiliar with other aspects of potato culture. 

The perfect potat^o variety does not exist but many now popular varieties have some 
qualities which go to the make-u[> of good and desirable kinds. The hall-mark of a good 
variety is that it must stimulate (;onsumer\s profertmco through its a])pearanco, shaj)e, size, 
colour and eating quality, and incite interest amongst growers by its cropping power, 
freedom from second-growth (this refers to cracked or knobbly outgrowths, in som<^ cases 
accompanied by hollow centres) immunity or relative immunity from diseases, good keeping 
quality, and cuise of culture. 

To appreciate fully the (lualities of those varieties at present in commerce it is necessary 
to know what growers hav(>. been spared in the matter of undesirable' kinds. It was dis- 
covered 117 years ago that certain varieties were immune from Wart Disease, and it was 
obvious that raisers should b(^ encouraged to produce immune sorts. To prevent any 
misunderstanding, it shoultl be made quite clear that in the same wa\' that the term ‘ healthy ’ 
is ap})lied to virus-fn^e seed, similarly tlie term 'immune ’ is used to denote w'art-resistant 
varieties only. 

Th(^ writer has had th(^ privilege of being associated with the testing and identification 
of potato varietievs for the past 25 years. From 1920 the Ministry of Agriculture’s potato 
trials and demonstrations were c-ondm^ted at tlu' J^otato Tcisting Station, Orrnskirk. In 
1940 the work was transferred to the Midland Agricultural College, where it has latterly been 
<‘.xtended to include the training of ])ersonnel employed in the inspection of potato crops. 

The work necicssitates much detailed recording and close co-operation with potato 
brc'eders, wdio have given every assistance in supplying information on the pedigrees of 
their r<‘S})ective seedlings. Details concerning all varieties, have beem prc'served and these 
records are now of historic value. They^ also include reports made on a numbe^r of foreign 
varieties. A full description is recorded covering the characteristics of the whole ])lant, 
such as the habit of growth ; colour and formation of the foliage in minute detail ; flower 
colour and occurren(‘(j ; tuber shape, skin and flesh colour ; doi)th of eyes ; appearance of 
root system ; sprout colour and development ; maturity and other special features of the 
variety. Details are also kei)t of the yield and type of crop produced and, in addition, the 
n^aetion of the vaiiety to various diseases. This, as a whole, forms a ]>ermanont rec ord 
for the future identification of the variety. Seedlings entered for the offi(*ial trials are 
examined by the? Potato Synonym (Committee of the National Institute of Agricultural 
Botany, wdiose function is to determine whether a particular variety is considered distinct 
or synonymous with an existing kind. 

A museum of varieties, which as far as possible contains samples of all those in existence, 
some of which have been in cultivation for more than a hundred ycuirs, is planted each year 
and is invaluable in checking the distinctness or otherwise of the seedlings entered for test, 
("lose contact is also kept with the Scottish and Northern Irish potato trials by interchange 
of varieties and reports. 

At the inception of the trials the work on the resistance and suscc^ptibility of varieties 
to Wart Disease brought to light the chaotic position in regard to the naming of potato 
varieties. For instance, the variety Dp-to-Date was masquerading under 200 different 
nam(^s and there were nearly 100 names each for Abundance and British Queen. To make 
the situation even worse, stocks bearing these ‘ fancy names ’ were often offen'd to the ])ublic; 
at an enhanced price over that of the correctly -nam (id sto(‘k. It is interesting and grati- 
fying to review the present situation. The practice of placing potato synon/ms on the 
market has been abolished, and credit for this is duo to the Potato Synonym Committee 
working in conjunction with the authoritative bodies governing the work of the trial centres. 
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The trade now willingly accepts advice regarding correct descriptions of potato varieties^ 
and uses the trial centre as a bnre^au of information on potato varieties and problems. 

All this work has a v(*ry dire(;t and important bearing on certification schemes, as the 
facilities afford scope for the benefit of people whose work entails identification of varieties, 
and it is the fundamental feature underlying the qualification of a second crop classed as 
‘ true to type,’ 

During the (piartc^r of a century that official Wart Disease Immunity Trials have been 
carried out by the Ministry of Agriculture nearly 12,000 plots of potatoes have been laid down 
for field tests, and in addition ai>proximat(dy .'1,(K)0 sani[)]es have received laboratory tests. 
Tp to 1927, the t(\st for wart disease was carried out solely on land infected with the disease,, 
but dry seasons wcn’c not favoural)lc to the development of the disease and the test, there- 
fore, was usually of two-years’ duration. In 1928 an indoor method of test was developed, 
wliercby re^sults could be obtained within 28 days and, whilst this is now the recognised 
official method of t(‘sting for immunity from Wart Disease, all seedlings entered for trial 
ar(^ grown in field })lots, and their growth characters recorded. 

The benefits arising out of these trials have been enormous. Undesirable characteristics 
are fr(‘(|uently distJosed at an early date and secfllings showing such arc readily dis(;arded 
by the breeders. As a residt there hax'^e notable changes in the characters of the newer 
kinds ; purple-skinnexl varieties have jiractically disa]>peared , deep-eyed kinds are now in 
less favour, varieties giving coarse misshaj|.Mm tubers coupltMl with long stolons and fibrous 
roots and a preflorninaiK^e of seed, or producing bauirns of sjiarse weak foliage, are not 
encourag(‘d. 

The raising of ikuv varieties is very largely the work of an altruistic group of people 
wlios(^ co-oj)eration in discarding worthless types has contributed mu(;h towards avoiding 
lat('r disa-})pointnu‘nt. Tlie fac!t that a variety survives this proc^ess of elimination in its 
(*ar ly years, and is (eventually added to the list of Ajiproved Immune Varieties, does not 
n(‘et‘ssarily mean that it will become popular. The extnuno conservatism of the average 
grower has to bt‘ (MKJOuntfTcd to be bclu^ved, and only recently hav(} certain varieties which 
compl(‘t('d their t(^sts 8 to 9 years ago been generally adopted. Potato growers should make 
an attenqit to keep ihemselv(',s informtid of new varieties, should endeavour to try out some of 
them, t‘V(‘n if only in small quantities at first, and so find those which suit their tyj>e of 
farming and market requirements. 

TIkto hav(^ l)(X'n many disajipointments in the past. , A variety has been taken up 
early in its eaieer only to Ih) dropj)ed within a short time, and it is no undue criticism 
of the grower to state that many new kinds have not been given a fair chance. The care 
with wliich a new variety is built up by raisers or introducers is unbounded, and as far as 
possible liealthy stxHl is distributee!. This is often j)urcha8od and planted — in sublime 
igTiorancci — adjace'ut to a cTof) grown from unhealthy once-grown seed. A 8i>eeial appeal 
is made for new varieties to be given every opjiortunity to show their value and, first and fore- 
most, th(^y should bo grown under conditions suitable for good seed production, such as 
those; laid down in the (jcrtification schemes. 

An interf^sting l(;ssou lies behind the entry of Arran Pilot into commerce. This early 
variety has fulfilled its first i)romist; as one of outstanding merit (as is shown by war-time 
a (Tcag(' figures) but it was almost lost to the world at the critical period of its introdiiction. 
Small stocks were purcliased by certain enterprising growers but unfortunately they were 
grown adjacent to some onc;e-grown potato erops containing severe virus-infected plants. 
Arran l^ilot is very susceptible to virus diseases and when this seed was planted again in the 
following year, the, Tcsnlis were disastrous. At this stage the variety seemed doomed, but 
1‘iicts concerning the spread of* virus diseases in the field were then becoming known in trade 
circles, and the raiser of Arran Pilot decided to persevere with this valuable early. Fresh 
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Scotch seed of a high standard of health was supplied to several individual farmers with the 
stipulation that the seed should grown in isolation and under conditions favourable to 
the production of a healthy cro[). This practical effort demonstrated that a variety very 
susceptible to virus diseases derives even more benefit than other varieties from good growing 
conditions. Nevertheless, unless the grower is situated in a district/ considered ideal for 
super-seed production, it is advisable to purchase fresh certificated seed of Arran Pilot each 
year. 

No attempt is made by any authority to j^ohibit or restrict the marketing of now' 
varieties, whether these are recommended as worthy or not, but a variety rt‘.ceive.s official 
recognition if it proves to be immune from Wart Dist'ase and is distinct from any existing 
variety. When the raiser or introducer of such a variety has named it and given an 
assurance that it is his intention to put it on the markc^t, it is added to the Ministry’s list of 
Approved Immune Varit*ties. A few valueless varieties have been introdm^ed into commerce 
from time to time but it is interesting to record that no wart-susceptible variety has been 
])ut on the English market for many years. 

The more recent trend in potato brwding is towards the raising of disease-resisting 
varieties. Noik of the commercial varieties ol’ today is absolutely immune from Blight 
althouiih a f(‘W show some degree of resistance. (^Ttain wild South American strains possess 
a very high resistance and t hese ai(‘ now ])eing used in potato breeding in an end(‘avour to 
imf)art sonn* of their special features to new kinds suitable for thc^ potato industry generally. 
It is hoped that some promising blight- resistant varieties will emerge IVom this work. 

Other desirable featun's, such as rtvsistance to Dry Rot, hav(‘ not as yet I’ectdved 
sjx'cial attention from breed(‘rs, and it is to be ho[)ed that the scope of all bristling work 
will be extendtxl to cover this and other resistant <|ualities in th<‘ future. 

Storage 

(We in handling s(‘ed is of ])rimary consequence. The sprout of a potato is oru‘ of its 
most vulnerable ])art-s, especially in the case of early vari(^ties. Tlie boxing, or chitting, of 
4'arly kinds should be carried out under light, frost-proof conditions for the ])urpose of pro- 
<lu(*ing strong sprouts, thereby hastening earlier bulking of the croj) at the opc^ning of the 
season. This method of storing s(‘ed is also a safe-guard against misses occurring in the 
field through Dry Rot, Blight, etc., as these troubles can often (k^tected and affected 
tubers nunoved. 

Miss(\s in the I’iold (*.an also be caused by such harsli treatment as is occasioned b\’ 

* de-sprouting.’ One shuddt'rs to think how nnich man-handling t he sc v'fl j)otato is (‘xp('cted 
to stand before it is finally jdanted and covered uf). Many tubers liave t-luar s]>routs 
knocked off during riddling operations at the clam})s, they sprout again in tlie bags or in 
the ]>urchaser’s clamps, only to bo de-sproutod once more befoixi [Wanting. This latU r de- 
eprouting is often due to the breaking off during planting operations of the long weak shoots 
which have arisen in the absence of proper chitting accommodation. 'J'ubers subjected to 
sueli maltreatment have more or less exhausted their capacity to grow, and many merely 
soften and decay in the soil with consequent gaps in the field. 

The crop of an early variety intended for seed should be lifted with grc^al eaT'<' and if 
possible boxed immediately. The practice of leaving sc(?d in the open field to bo ‘ greened ’ 
vshould be followed with great caution ; a hot sun pouring down on the new tubers, iu many 
instances for se’sveral weeks, is certainly not good, and often results in tjxcessive scorching 
of the delicate skin coupled with rotting of the tubers. Here another fallacy can be exposed 
— the action of ‘ greening ’ has no effect whatsoever on the subsequent health of the crop ; 
it is merely a means of producing the setting ” of the skin similar to that w^hich occurs 
l>efore lifting mature main crops, that is the skin should not flake by ordinary pressure of 
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the fingern. The important point about the lifting of seed early in the season is that it is an 
attempt to e8ca})e virus contamination later in the season. 

\^irus-froe seed should be protected against possible virus contamination in the 
stor(% as thfise disc^ases can be spread by greenfly indoors from sprouts produced on virus- 
infected material in thc^ sairu^ way as they are transmitted in the field, thus often polluting 
hcuilthy slioots (^ven bcTon? ])lanting time. The periodic fumigation of the potato store is a 
wis(‘ j)ie(;aution. 

Ske and Treat weni of Seed. 

Siric(' thc n^ is a wid(‘ range in th<' possible costs imposcid by the seeding rate ^a^r 
and oft(‘n a shortage of supplies owing to an imjreased demand for seed of high quality, it 
be(*om(‘s necessary at times to utilise the available seed to the fulle\st advantage. 

Th(' id(‘al size of a seed tiilx^r is one which will go through a 2 in. riddle but stays over a 
1 1 in., in othcT words about 2-3 oz. in weight. Large tubers —those which are of a dressing 
()V(ir a 2 in. riddh? — ])lanted whole may give a similar total yi(^ld but the eroj) will contain a 
higher prof)ortion of small tubers — a very important advantage to th(‘ seed-grower but a 
disadvantage where the (^rop is int(‘nded for ware. The use of chats or ‘ thirds ’ on the other 
hand results in a cro]) containing fewer potato(\s but of larger ware size. 

To rec(‘iv(' large size seed or to be hd’t with a stock of w^xrc' on hand from a healthy crop 
oft(‘n (jonstitutes aju’obhmi. It is obviously not an economic* })ro[)ositioji to ])lant wliolcdarge 
tubcTs for tlie production of a ware' crop, so the (Jutting of these for that ])urpose may be 
r(*garded as the most erfici(*nt nu^t hod of seceding, j)rovid(‘d cailtural (conditions are suitable. 
On the other hand, the value cjf the crop intend(j(l to be saved primarily for scmmI purposc^s 
(lepcMids on the actual yic^ld of tubers of thcj desired size : therefore the planting of large 
uncut tub(‘rs should be eonsidcjrc'd. The actual effcMjt of cutting a tuber is not gencTally 
uiuU'istood and a bricT note wnll perha])s h(‘lp growers to ap|)r(a*iate adviec' on how^ to 
obtain the* b(‘st rcvsults from the us(‘ of cut sets. 

Wfien thcj })otato tuber is cut, sap is releasc'd from the cut cells and the living cells bedow" 
th(‘ cut surfacje begin to divide and produce a layer of (jallus (wound healing tissue). If the 
cut surface is to lieal ovct suec;(*ssfully, the layer c^f callus must be continuous over the 
surface and free* from cracks through whicdi disease organisms inight gain (‘iitrance. A 
continuous protc'ctivc' callus can only be formed under moist cjonditions and it is e\ssentiaK 
therefore, that immediat(‘ly after cutting the tubers should be niaintahuHl in a moist atino- 
sj)hen‘ : so that the cut surfac^c* of the tuber does not dry out and produce an uneven layer 
of callus. 

In ordc'r to ])rovid(^ the moist conditions necessary lor p('rfect healing of the cut siirface, 
(•('rtain lules should be obscjrved. Chitting should take place in the shade, as sun temp- 
(Tatui (\s art^ too high for this tn‘atrru‘nt of seed and will cause injury (iven if they arc exposed 
('ven for a short tinu* only. Imm(‘(liately on cutting, wet cloths or sacks should be thrown 
over the s(ds and left for 24 hours, after which time the sacks may be removed and the sets 
(*an be })lant(Hl at oikjc, or they may be ke])t in a reasonably cool shady place until required. 
If the callus is ])atchy, showing very dark grey or bla(*k areas, or is cracked as a result of 
('xposur(‘ to th(» ‘^un or dry conditions during or following the cutting operation, then rotting 
may be cxpcct(*d with consecjuent miss(\s in tlu* field. The planting and covering up of 
sets in the fi(4d should be almost simultaneous, and every care should be taken to see that 
they an* not exj)os(jd too long in the furrows. This treatment is strongly recommended 
for all typevs of cut sets, whether large ware tubers halved or for the preparation of potato 
‘ chips ' or eye pieces. 

Sets cut. ac(Jording to th( above-mentioned conditions have been kept for many weeks 
and ])rovid(*d good seed piec(?s at planting time. The best results from the use of cut sets 
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are obtained by planting as soon as possible after raiii. The seed piece requires a fine 
tilth and moist soil conditions in order to make as quick a start in growth as possible. The 
tubeis should be cut lengthwise and great care taken not to damag(^ the eyes or sprouts. 
The same cultural conditions are desirable for success in the use of chats or ‘ thirds,’ and 
neither these nor cut sets are recommended in districts where dry soil conditions prt^vail, 
since drought retards quick development. The aim in both types of seeding is to get 
the root system developed rapidly so that the plant may soon bec^onn* indc'pendent of the 
.small seed piece. 

Other Diseases and Problems. 

No domesticated plant is more subject to parasitic or fungus diseases than the potato, 
and some of these still remain more or less a mystery ; some are of little (economic import- 
ance but others may st^riously affect or almost com])lot(dy destroy the (toj). Investigations 
are proceeding on many of these problems and we hojx^ for an early translation of the success- 
ful results of research into j)j‘actical methods of (control. 

Dr}/ Rot of potatoes- causers serious loss(is during the latij winter and springtiiiKi, usually 
after the stoc'ks are delivered into the seed store. Most (^arly and second-early varieties are 
susceptible to a greater or lesser (‘xtent. Amongst mainero])s outstandingly susceptible 
vari(^ties include Doon Star, Majestic and lledskin. Losses in seed can be controlled by 
dij)ping in organic-imn’eury solutions at lifting time but th(' difficnlties inherent in the use of 
a wet tr(‘atment hav(‘ prevemted wid(\sj)i ('ad adoption of tliis (control measure'. Work is now 
in progH'ss to devtdop an easier method of control which could be ustal on a large scale. 

Blight is |)(u*haps the most dc'struetive diseas<‘ affecting the potato crop and juxn^aut.ions 
should be taken to prevent undue loss in th(‘ clamps. TIktc is danger of general infection 
at lifting tinu' if the foliagt' has not eoTn2)letely dh'd down and still carries the at^tive spores 
of the fungus, as tlu'se fall off into the soil and in this way infect the tubers durijig lifting 
operations. 

The first symptoms of blight on the tubers are small reddish-brown s})ots or blotelu'S 
on the skin, and the infection goes deejK'r into the tuber from four to six weeks after lifting. 
If the crop is harvested under wet conditions (which arci vc^ry suitable for th(‘ spn'ad of the 
<lis('as<^) seven' irde.ction of tlu' tubers often occurs and doveloj)s qui(;kly with the result that 
such tulxu's become reduced to a foul-smelling mass. 

Blight is not known to s])read from tuber to tuber during storage, but there is ample 
‘t^videnc('. that tlu* spread of wot. rots to sound tubers is due to the heat d(‘V('loping from 
blighted tubers. 

The first control measure is to reject all infected tubers at ])lanting time. To guard 
ugainst Blight in tlu*. clamj)s growers are urged to destroy or burn off the toi)s when Blight 
becomes prevalent in the croj) — or wait until at h'Uvst ten days after tlu* c^ompk'te deat h of 
the toj). Advantage should be taken of any fine weather to lift und(*r dry conditions, and 
infected tubers found at lifting time should be destroyed. « 

Potato Eehvorjn is the cause of the condition known as ‘ Potato Sickness ’ and the 
attacks are fairly widespread throiighout the country. The pest is rt'adily carried in the 
soil adhering to seed potatoes and, therefore, there is grave dang(U‘ of introducing it to fre^sh 
land. The symptoms are yellowish })lants, lacking in vigour, which die off before their 
normal time. An examination of the roots reveals the presence of small white or light 
brown cysts on the fine rootlets of the plant. As these reach maturity they turn to dark 
brown and fall off into the soil where they await to attack the next potato (;ro}), which in 
its turn builds up the eelworm ])opulation. Where a short rotation is practised j)otatoes 
rapidly cease to bo paying proposition on such fields. No effective method of destroying 
the cysts on a field scale has been discovered. Where eelworm infestation is present, it is 
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adviHable to keep potatoeH out of the rotation for five or more years, the longer the better, 
as this is the onl>' (control known at the present time. After the long rest from potatoes the 
number of viable* cysts becomes much lower, falling to a level considered safe for planting. 

In the int(‘r(‘sts of good husbandry growers shoiild be continually on the W'atch for this 
])est, and once again the importance of a long rotation cannot be over-ernphasised. The 
seriousness of tlu* spr(*ad of eedwonn is such that crops found on inspection to be suffering 
from the i^ff(H*ts of serious infestation with this pest are classed as unsuitable for use as seed. 
The VuUtrv. 

TIh' foundation of a good crop is laid if sound tubers from a healthy stoiik are jdanted 
and good cultivations are carried out, not forgetting that' the potato resi)onds to generous 
manuring. Nothing will overcome the evils of using virus-infoctetl seed or the effects of 
planting on (H‘1 worm-infested land. 

(\»n(*urr(*ntly vvitli the jiassing of war-time conditions, thi* potato industry will liave to 
|)r(^])ar(‘ to ada])! itself a.gaiu to the chaug(?d conditions of |>eace-tim(i })rodu( • ion. The 
(Miormous (juantitics ])roduc(Ml during war-time; have enabled the country to be' sedf- 
su[)pe)rting in potato suf)pli(‘s but se)me adjustments will be necessary in the years te) come 
1o make ([uality as wedl as (piaTiiity the aim of all. The; re'al nend is for a few varieties e)f 
ackn()W'ledg(‘d merit on wdiicli the grovveu* can eonce'ntrato his efforts, tejgethe'r with the 
e)pf)ortunity to j)ut into practice much that has ‘ se't liim thinking ’ as a result of the know- 
le*dge‘ now' available on ])otate) culture* generally and the c.x])e;rience* gained by the difficultitm 
of le‘(‘ding a nation at w'ar, 

e'ou.KeO' 

Si ITIIN HoNINdTON, 

Locdiiaocoi (a; 


N. McDEKMOTT. 
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THE FUTURE OF "FARMING CLUBS” 

There is genoral agrwmont throughout the country that agriculture must not again be 
allowed to fall into the state of decline ptevalent before the war, but tbat a healthy and 
prosperous agriculture must j)lay its vital pai-t in a balanced and sound national e(5onorny. 
This end can be attairu^d only if British Farming reaches a high leVel of efficiency. The 
agricultural community must therefore be well trained, not merely in the proper execution 
of farm operations, but also in the })ractical ap})li(‘ation of the proved results of research 
work. Further, theio is need to promote understanding of the economical and social 
aspects of farming. 

l^he writer, in th(i (jourse oi‘ his work as Hecretary oi‘ one of the recently (established 
^ Farming Clubs,’ has been struck, on the one hand, by the thirst for knowledges on the part 
of both young and old and, on the other, by the generally recognized iK^ed for a greater 
dc'gi’ee of co-operation and more social intercourse^. 

Jf we are to suf)[)Jy the required knowledge and to remedy the ])resent lack of co-ordin- 
ation in this fi(‘ld, to which the re]K>rt of the Lux rncxjre Committee refers, we musl build u}) 
a new organization for Adult Education in the rural areas. Such an (organization should 
be a voluntary association of members of the rural community. ’Fhe writer believes that 
the ‘ Farming (1ubs ' which hav(‘ lately b(‘(ui brought into bedng (;an be developed into the 
instrument t hat is n(‘(Ml(*d. Part ‘ A ' is a short r(‘]>ort on the present jiosition of th(‘ self- 
(‘ducation movement in rural arvas in this country. Fart ‘ B ’ discusses the aims, objects 
and organization of ‘ Farming (1ubs ’ and sets out t(‘ntativ(* ])ropo8als for tlie framework 
of an ()rganiz('d rural community with ‘ Farming Clubs ’ (or ‘ Farm Communitie^s ' as it is 
.sugg(\st(‘d tlH'v might more af)proj)riat(»ly be called) as its focal points. 

Part A ’ The I^iesent Position. 

1 . In England. 

( 1 ) A gric ultn ml Soc i fhen . 

Various mov(unents to ju'omote self-(‘ducation started in England irion* than a c(Mitury 
ago and included some by the farming community ; numbers (^f Agri(‘ultural Societies and 
Farmers’ Clubs were then founder 1. Some of these associations were national, some r(‘gional, 
while otluTs served only a })articular eounty or smaller kx^ality. 

The first of the national societies were the Highland and Agricultural Soci(^ty of 
8c(»tland (founded 1784), and the Royal Agricultural Society of England (ISIIS). Both 
.societies fost(^r(x3 the diffusion of knowledge, firstly by holding annual exhibitions, secjondly 
by organizing lectures and discussions on (luestkms afh'cting agncultur(‘, and thirdly by 
jmblishing Jimrnals. 

An outstanding example of a regional organization is the ‘ Bath and West and Southern 
<^)untms Society’ (established in 1777 for the encouragement, of agri(adtur('., arts, manu- 
facture and commerce. In addition to the holding (jf its annual show the Society (;arri(*s 
on experimental work at various stations in th(^ region. It also holds discussions following 
lectures on topical agricultural subjects, and publishers a Journal. 

In all the English and Scottish counties there are County and other J^ocal Agricultural 
Societies which, however, have increasingly coiujcntrated on the single a(*tivit\' of 
holding an annual agricultural show. The membership of all these organizations includes 
all classes of men connected with farming — ^landowners, land-agents and merchants as well 
•as farmers, and in some cases also men who had no specific contact with land. AftfTl912, 
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and in connection with County Agricultural Education, Agricultural Discussion Societies 
were started in some counti(is — notably in Devon — ^and proved very valuable in stimulating 
the interest and co- 0 })eration of the farmers. 

(2) Dlscufisimi Groups, Farming Clubs, etc. 

The latest development in agricultural self-education is based on the same idea of 
furthering agricult ural progress by di»seminatiug knowledge, and by developing co-operation. 
But the new movement tries to go d(‘eper and to rea(*h all connected with the farming in- 
dustry. 'i'he following ani a few representative examples of rnodtTn organizations. 

(a) Dlsrussum Groups and Farming Clubs, 

J ust as some of the County Organizers before the war tried to reacih the farmers through 
Discussion Societies, so many of the County War Agricultural Executive? Committees have 
inaugurated local J)iscussion Groups in their count i(?s. These Discussion (groups jjass 
under different names in the diffen*nt counties. 

In il(?rcf(U*d tlu‘V are calhul ‘ Discussion Groups ' ; in Oxfordshire and Berkshirt? 

‘ Farming C^lubs ' ; in Buckinghamshin' ‘ Agricultural Clubs ’ and in some otht?r counties 
‘ Farmers ’ Dis(?ussjon Clubs.’ In Hampshire they are call(?(l : ‘ Grow-more Clubs.’ 

Worthy of not(? also is the ])rogT'ess which has beem made with th(? formation in the 
Val(‘ of Evesham of specialised ‘ Horticultural Discussion (llubs.’ 

The objects and structure of all th(\s(‘ Clubs or Grou[)s are essentially the samt‘. The 
rul(‘s of on(‘ particular club may be citc'd as an example : — 

lls sfmll fio to ])roin()lc arid good farnuiig and tb(^ tfood neighbour outlook. 

'Po M(*liiov(* tins oljjoct the (Mid) hIijiH : 

{a) promote (li<‘ discussion and the exchange of ex{)erienc(‘s urnoiig the members of ev(‘ry-diiy 
farming pioblems so thut all may benefit ; 

{h) jiromote liie discussion of new ideas aial techniques as they art* lirought to tlie noluM' of (lu? 
farming commumiv. and ol any I'xporience of tbcir application ; 

(f) promott* closer co-op(»ra( ion amongst members in tht* ust* ot implement machinery and labour ; 
(d) promote intert'st and enthusiasm m rural craftsmanship ; 

(r) arr<ing<* small t rials and demonst rat ions on individual fjirnis in t tit' club area ol such new inetliods, 
iK'W implt'mt'iils, varit'ties of seed. i‘tc., as th<* (Miib thinks may pro\ t* bi'iit'licicd in its ar(‘a. ; 

(/) arrangt' \ I'^its to farms of club iiu'inbt'rs (and occasionally' to otbf‘r well-known farms outside 
th<* are.i) and t«) \g'’icultural Collt'ges. t’auin Institutes aiul similar Institutions; 

((/) take ativautaye of tla* fri'c adviso^'v si'rvices a^'•ulable in tin* form of ttijks by experts on farming 
probk'ins. 

Indoor meetings, g(?n('rally onei^ a month, are ludd from October to March. Tht? most 
(‘ommon evening miMding has one at which a sp(?eialist (either farmer or t(M?hnieal man) 
has given a talk for tibout oiu? hour with a vii^w to initiate a “ fr<‘('-for-all discussion. 

Summc'i' mi'ctiugs havi* usually tak(‘n the form eith(?r of ‘ Farm Walks ' by individual 
Clubs in th<‘ (^viuiing, or of organized visits by memb(?rs of sev(?ral (dubs to Ht^search Stations, 
(\)Uege and Institute Farms. 

lu most eouutit\s membership ot thexse Groups and Clubs is optqi to farmers only, but in 
otluTs farm workers and others gmiuinely conneetcMl with the farming industry are admitted 
also. 

(/>) Pools and Mutual Aid Groups. 

Owing to war-tiuK^ conditions farmers have found it advisable to pool their n?sources 
wit h theii neighbours. The first of such parish ])ools for macihinery and labour were formed 
111 Buckinghamshire and the scheme proved a striking siuicoss. In 1943 it (.iporated in 22 
parishes and vovorod t)0,00() acres. It enabled farmers to get their ploughing, (cultivations, 
etc., (lon(‘ at tlie right time by making maximum use of available resoimces.* 

Pd-om tht* maeliiuery pooling st‘heme have grown other activities. Parish ‘ pools ’ 
liav(‘ arranged manv tt*eiiniea.l and other farming discussions and other activities are being 

•' \ mimhci (»r tht' I’oojs havt* joiinid fo«cch<u l»* form the Huoks. Farmors’ Farmh Po«)1h Ltd., which is rogia- 
U'l’ftl un<lt‘r the Friontllv SoficOe^-, Acts 
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considered. As an example of such the Water Stratford (Bucks.) Machinery Pool may be 
mentioned. This was the first Pool in the country to deal with labour as well as with 
machinery, and, in an effort to improve the livestock of its members, has been the first to 
adopt a pedigree bull scheme. 

There are, too, the Mutual Aid Groups of the Worthing and West Sussex area. These 
were formed originally in August 1942 for the pooling of machinery and labour. But they 
have since developed into discussion groups, and mu(^h more emphasis is now laid on 
meetings, lectures and discuissions, and less on the lending of implements. Inhere are now 
over 40 groups working with greater or less success. At the start West Sussex was divided 
into a number of relatively small areas, in each of which a MiituakAid Group was formed. 
Every grower, large or small, within the area was invited to become a member of the Group 
and to attend meetings for the ])urpose of discussing every kind of problem affecting mem- 
bers. A Chairman was elected by each Group, and the Chairmen constituted a Group 
Council responsible for the whole of West Sussex. Meetings are held regularly, visits to other 
distri(*ts are arranged, all manncT of topics are discussed, ])ropositions are debated and sent 
up to the Group Council. Problems of cultivation, diseases, ])ests, suj)plies, transport, etc., 
are constantly under review and growers within any one Group assist oik* another in many 
})rac,tical ways. 

(3). Other Mural Institutions of Sclf-fielp and Self-education in Great Britain, 

Th(' following additional organizations must be briefly mentioned in order that they may 
not be forgotten in the suggested re* -organization of Rural Adult Edm^ation. 

(а) (loscst to the ‘ Farming (3ubs ’ are the ‘ Young Farmers Clubs' a movement 
brought into being in 1921, and with a j)re.seiit (1945) membership of over 59, 900. 

(б) Corresponding in their aims with th<‘ ‘ Farming Clubs ’ in their own sphere of rural 
domestic economy are the Women's Institutes. The first Institute was fornuMl in Wales 
in 1915. Tn 1939 there were 5,740 Institutes with 328,000 members. 

(c) The Workeis' Educational Association was founded in 1902. Though the work 
of the W.F].A. has steadily expanded, the 1930 report still spoke of “ the Hinterland of rural 
areas waiting to be si'rved.” 

(d) An interesting d(;vc‘Iopment is the organization of ‘ Blacksmiths' Discussion 
Groups' sponsored by the Yorkshires Rural (/ommunity Council. Similar Discussion Groups 
are now being organized for wheelwrights and joiners. 

^ 4. One important exficuiment (concerned with rural adult (ulucation must be recorded 
in this connection, viz., the Avoncroft Residiintial College for rural workers. This In- 
stitution is run on the lines of Danish Folk High Schools with a larg(*Iy cultural curriculum 
including history and English as wc^ll as agriculture and economics. 

11. Similar M(WKments in the United States. ‘ 

The idea of self-education has aroused great ])opular enthusiasm in the United States 
and no group was more receptive to the idea of self-improvement than the farm people. 
Space allows us to deal only with the most rec^^nt of these movements, n's., the Farm Bureaux, 

The Farm Bureau is a type of farmers' organization which differs in many respects 
from all others. It was created as a deliberate, constructive movement to promote agri- 
culture, home and rural life, to make farming an efficient and profitable business, rural 
home life fuller and richer and to improve the community life of the country as a whole. 

The Farm Bureaux developed out of an organised effort on the part of farmers to 
support the work of extension agents. The Bureaux were to provide a nucleus of farm 
leaders to assist the county agent (the American equivalent to the English County 
Organizer) to carry out extension projects, and to aid in financing the work. 
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The extension movement itself was designed to carry the accumulated knowledge of the 
scientific institutions (agricultural colleges and research stations) to the individual farmer. 
The id(ui of county agents, or ‘ agricultural experts ’ took root just before the first Worl^ 
War. Originally financed by commercial comj)anies and organizations for the purpose of 
increasing farm production and so creating a better farm market for city goods, the scheme 
was later taken over by the U.S. Department of Agriculture and developed into the present 
system of agricultural extension, financed jointly by State and Federal funds. The work 
was supportcMl from the outset by a few county Farm Bureaux, composed chiefly of farmers 
interested in improving their farm j)ractices, who welcomed the help of a scientifically 
trained man in their respective counties. 

The county organizations of farmers supporting the work of extension agents 
developed under different names and only gradually adopted the term ‘ farm bureau 
But in 19l() the name ‘ County Farm Bureau ’ was ado})ted by a number. In 1917 began a 
definite movement to standardize functions, based on the conception of a Farm Bureau as a 
quasi-public*- body, constituting a [)art of the extension organization and formed for the 
specific purpose of assisting in developing a (bounty programme of extension work. Iri 
twelve States it has been enactc^d that the co-o])erating grenq) shall be the Farm Bureau. 
In the rest of the country co-oi)erating grou})s vary in constitution but typically include 
outstanding farmers and re])reHentatives of governmental bodies, schools and farm 
organizations. 

As the number of farm bureaux and county agonjbs increased the movement, for the 
formation of State Federations of county farm bureaux developed. 

By th(^ time the State Farm Bureau Fcidcjrations were well organized and in active 
operation, then* was sufficient sentiment in favour of a National Federation to warrant a 
definite mov(unent in that direction. In 1919 a temporary organization and constitution 
of the “ Americ^an Farm Bureau Federation ” was adopted and this was made permanent 
in 1920. This was 

to correlate and strengthen th(‘ state farm bureaux and similar state organizations of 
the several states in the national federation ; to promote, protect and represent the 
business, economic, social and educational interests of the farmers of the nation and to 
dev(dop agriculture. 

The strength of the ('bounty, State and National farm bureau organizations is dependent 
upon county leadership). 

It .is especially interesting for our pur])ok* to note how the relations of the Farm 
Bureaux to the Extension Service have been defined in the resolutions of 1939. 

Farm Bureau -Extension relatit)nships. In a large number of states, county Farm 
Bureaux have been established by law or by mutual agreement as the official local 
unit of Iht' co-operative Extension Service in agriculture and homo economics. In 
many others, although ndt so designated, the county Farm Bureaux work in close 
co-opei ation with the county farm agents, home demonstration agents and 4-H Club 
agents. The County Farm Bureau movement was organiz(‘d for this and other service 
to farmers. This friendly working relationship should be maintained and strengthened 
in these States and ('xtended to such other States in which it is possible for the Farm 
Bureau to e()-operate with the Extension Service in developing and carrying out 
agricultural }>rogrammes. We will resist all efforts to destroy or impair this funda- 
mental teamwork of educatjon and organization which has meant so much to the 
welfare of farm people throughout the years. 

In the ev(‘nt, however, co-opeiation between the Extension service and the Bureau became 
increasingly difficult as the National Federation became increasingly involved in political 
action. 
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The tasks of the Agricultural Extension Service arc : — 

(a) Assisting rural people to discover and analyse then problems ; 

(b) Developing leadership among rural peo})le that will enable them to organize 
themselves into effective groups to meet their ])roblems ; 

(c) Disseminating information that has been learned by practical farm and home 
(experience and by experimentation and research to rural families in such a way that the 
information will be used ; 

(tl) A(}quainting the land-grant colleges and the IJ.8. Departnumt of Agriculture with 
the problems of agricultures that n(K^d research. 

In view of the nature of the Extension Service programme and the close relationship 
whi<jh ordinarily exists between extension agents and the people in their area, a great deal 
of Exttmsion Service work is conducted through personal contact. But extension workers 
are increasingly attem})ting to d(^al with organized groups, so that information can be con- 
veyed to a numbevr of persons at one tim(\ 

If extension workers were to atttnnpt to mt*et regularly with such organized groups, 
it would leave them with little or no time lor their other duties. To me(3t this situation, 
very early in the history of th(^ Extension Services extension agents began to enlist the help 
of wx'l I -e(j nipped lo(*al j)tK>])le in their work with both children and adults. To provide 
l('adershi[) for th(‘ expanding demonstration pj-ogramme, for example, outstanding farmers 
w'('re given s]>ecial training so that they could demonstrate scientific agricultural practices 
to their friends and neighbours. Local leaders are the Extension Servicers most effective 
arnj in reacjhing rural people. 

use of lo(‘al leaders — now' calkid neighbourhood leaders — has more than ful- 
filled it s original ])urpos(' of aiding the diffusion ol‘ scientific knowd(»dg(^ about farming 
and home-making. Th(' close contact of headers and extemsion w'orkers has hel[)ed to keep 
the (‘xtension ])rogramme attuned to th(i wishes and needs of farm ])eo]jle. Participation 
in h^adtu’shij) work has be(m of great value to th(i leaders themsolv(\^. Many men and women 
hav(^ a<*(|uired an authoritative know'ledge of particular j>hases of farming or home-making 
as a result of the years of training they have received. In the process of It^ariiing and teaching 
theii* neighbours they hav(^ ac(|uired increased self-confidence and have developed latent 
abilities. It has be(m said that '‘‘it a})pears that the extension agents will best serv<' their 
country if they will eliminate most of the gerjeral dinn^t teaching methods and personal 
services, and devote their tiims energy and ingenuity to perfecting the (jrganization of all 
rural people to the end that they ('an be taught by local voluntary leaders'" 

The existence of the network of competent and reliable loc^al leadership throughout 
ruial America is actually and potentially of great value to the nation, sincjc, 

(a) the local leadership discovered and developed will remain ds a socially valuable 
resource in the rural communities 

(h) the systematic organization of neighbourhoods and communitu's holds possibil- 
ities for a new community integration which has significance for the e(‘onomic, social, 
cultural and institutional life of the rural communities. 

The Extension Service makes good use of almost every im]3ortant method employed 
ill adult education. Since its beginning the Extension Service has disseminated information 
through demonstrations, the wiitten word (bulletins and pamjihlets), by broadcavsts, films 
and exhibits. Dimionstrations have been one of the most successful and charaet(^ristic 
means of securing widespread and rapid acceptance of recommended practices, because 
they furnish convincing proof of the value of modern practices on the farm and in the home. 
Their value is heightened when they are conducted by farmers of farmers* wives. 

Furthermore, in most States the Extension Service sponsors “Farmers’ Institutes’* 
“Farmers’ Weeks’’ in the various counties, during which those in attendance consider 
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co-operative approaches to their common problems. These institutes arc schools, lasting 
a few days, on such subjects as farm machinery, beef-cattle feeding, gardening, dairying, 
soils and crops. A number of land-grant colleges offer short courses for farm people. 
A traditional annual feature at every state agricultural college is “Farmers* and Home- 
makers* Week,” including speeches of general interest and opportunities for intensive 
study in a wide variety of (iH{)ects of farming and rural domestic economy. 

Discussion Groups, In addition to disseminating information, the Extension Service 
has encouraged rural peoi)Je to think out their own social and economic problems by pro- 
moting the organization of discussion groups. Realising th(‘ need for encouraging such 
thinking, th(‘ Bureau of Agricultural Economics of the U.S. Department of Agriculture 
ado})ted in 1 985 a plan for developing study and discussion groups among farm men and 
women, boys and girls. After various ciianges this ju-oject is now sponsored by a special 
agency, the Division of Program Study and Discussion. 

Those discussion groups wort', initiated as a rural adult-ediujation movement to give the 
farmers the n(Hiessarv ‘ factual data,* to enable them to make intelligent decisions concerning 
agricultural policy and to assume an a<dive part in directing it. *J*he discussion movement 
was to act as an important basis for tin? conct^pt of ‘economic democracy,* i.e., to encourage 
farmers to particii)at(^ intelligently in policy forming and in the administrative phases of 
agricultural j)olicy. 

The movement is based on the widest discussion of some of the great public issues, for 
example : — (>an government interfere with economic trends ? What adjustments do we 
need to make in our society to bring about a bettor rural life ? These are profound questions 
and they cannot be answered by the agricultural scientist, or specialist. But the farmer 
wants such questions answered, or at least h(^ wants to talk them over and find out what 
others think about them. 

But it was felt that the study and discussion of these wider problems required educational 
help. Tho desire and drive were there, but assistance was needed in getting things started, 
in learning the few sira])le things that enable a conference or a discussion group to take 
best advantage of tht‘ time at its disj)osal, and in getting accustomed to listen to other views 
without impatience, intolerance or anger. Farm people need to be ‘shown that the way 
towards ])rofitable discussion is simple. 8tat(‘ extension direcjtors have been encouraged 
to appoint a state discussion group leader, and in 87 states they have done so. These men 
work in co-o})eration with th(^ regional experts in the Division of Program Study and 
Discussion, organizing meetings throughout the’ State for periods of a week or. two, to train 
discussion header’s among farm people. At these meetings demonstration discussions are 
presented to farm men and women interested in organizing a group in their local com- 
munity ; organization technique and methods are discussed, and the demonstration is 
criticised. 

The gr(»at difficulty with this method of education is that it does not go far enough 
to enable people to satisfy' themselves regarding the questions they ask. To overcome this, 
the Division has issued some lialf-dozen “ method pamphlets ” telling how to organize 
and conduct a discussion group, and also about 20 subject-matter pamphlets. Over two 
million copies of these pamphlets have been distributed by the Department to the State 
extension leaders, who send them to groups of local farmers through the county agents. 
The discussion pamphlets are frankly controversial, presenting contrary points of view in 
conversational form, and they include bibliographies of other free or cheap pamphlets on 
th(‘ same subject. 

* Schools of Philosophy,' Growing out of this discussion-group programme there 
develoj)ed a more formal project df*signed for the farm leaders of a State, who would assemble 
for a period of several days to discuss the broader phases of the agricultural programme. 
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The earlier meetings were attended by extension workers only — county agents, home 
demonstration agents, 4-H Club leaders, extension specialists. These meetings soon 
became popularly known as ‘ schools of philosophy.^ 

So well did these schools meet the need of the field workers that they were later 
extended to include farm leaders, especially committee-men, and the other* staff members 
of the Department and of the colleges of agriculture ; they are now also being held for 
teachers in vocational agricultural schools and the i^rofessional and business men of towns 
in rural areas. The schools provide an opportunity for participating in discussion groups, 
and thus fit in closely with the more direct demonstration and leadership-training (jonfer- 
ences held to j)repare farm people to organize and conduct discussion groups in their homes. 

The character of the schools differs with place and time. But all have worked towards 
a better understanding of the relationship between intimate lo(^a] })rob]ems of a comparatively 
small community and those of national and international scope. 

111. Farm Expehimfntal Work m (^tErmany. 

With regard to education by experimental work, an interesl^ing development took place 
in Germany wliich is worth n^'orcling in this connection. An account of this work has 
been given by W. Morley Davies : — 

In 1923 Roemcr of Halle assisted in forming thc! first Ex2)orimental Group or ‘ Ver- 
siKihsring ’ (Ex|)eriment Association) as it was (and is) called. A “ Versuchsring 
(consists of a group of farnuTs all living in one district. The leader is a farmer, pre- 
f(Tably one who holds an agricultural dijilorna. A levy is made on the total acreage 
re]>resented by each farmer in thc^ ring. From this levy the salary and expenses of a 
supervising assistant are paid. . . TIunsc rings wer(‘ at first ])urely private* enter})rises. 
But then thc Government gave* an annual grant to each gj oup through the Chambers 
of Agriculture. 

In the main tin* t*xj)eriments wen^ crop variety trials to find out the suitability 
of crops and s(*(*ds for the different districts. 

Part ‘B ’ — ^The ‘ Farmik<5 Clubs ’ of the Future. 

1 , The Sociological Foundation. 

Because of the raj)id progress of mechanization and the advances arising from scientific 
discovery, a vast amount of essential knowledge affecting agriculture has accumulated. 
Thus farming now reejuires more technical knowledge and skill than ever before. Re-ad- 
justments in farming techniques, however, represent perhaps only the simplest changes 
necessitated by technological and scientific developments. Years of depressed j)rices have 
taught the farmer that his problems are not local in character. Agriculture has become a 
part of a complex and unstable industrial economy and the repercussions of this develop- 
ment have been felt in every phase of rural life. Farming has become a complicated business 
influenced by business cycles and by national and international developments. 

To-day both successful farming and the fulfilment of civic responsibilities demand a 
broad range of knowledge in many fields. George Bernard Shaw expressed this admirably : 
“ We expect each farmer to be able, single-handed, not only to plough and hoe, tor^ap 
and sow, but to be an agricultural chemist, a veterinary biologist, an accountant dealing 
with complicated costings, a statistician, a man of business skilled in buying materials 
and selling products, an up-to-date reader of Lord Bledisloe and the scientific 
investigators and an expert in half-a-dozen other capacities utterly foreign to his 
antecedents.^’ 

In addition, farmers require increased social understanding, changed attitudes to, and 
new techniques of co-operation, for many of the problems faced by rural people can be 
solved only through common effort. 
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Hence, the tliree-lold ideal expresned by Sir Horace Plunkett — “ Better farming, 
better business, better living ” — still stands : “ better farming ’’ : through full knowledge 
of the facts given to us by technological and scientific developments ; “ l)etter business 
through the full understanding of the economic processes involved ; better living ” : 
through the recognition of man as a social being. 

This aim can be achieved fully only by adult education. 

This point of view is fully recognized in tlu^ White Paper on Educational Recon- 
struction, para. 85 : 

“ Without j)rovision for adult education the national system must be incomplete, and it 
has been well said that the rneasun* of the effec^tiveness of earlier education is the 
extent to which, in some form or other, it is continued voluntarily in later life. It is 
only when the pupil or student reaches maturer years that he will have served an 
apprenticeslnj) in tin* alfairs -of life sufficient to enabk‘ him fully to fit himself for 
service to the community. It is thus within the wider sphere of adult education that 
an ultimate training in democratic citizcnshij) must be sought.’' 

Adult education is essential to the successful functioning of a democratic system in a 
complex and rapidly changing wwld. Once this fact is recognized, limitations of resources 
will be the only ira})oi tant obstacle to the rapid develo})m(‘tit of a programme wdiieh attempts 
to merit all the educational ruicds of tlie rural adult po])ulation. Adults — men and women — 
need adequate educational ()})f)ortunities to secure the benefit of n(‘W' scientific disrtoveries 
and to equip themselves to deal with the problems set by economic and social changes. 

The basi(! jrrinciph^s of adult education arci voluntary attendance, freedom of enquiry 
and free discussion. Adults must be i'ree to study subje(‘ts of tluur own choice. Further- 
more properly conc<uv<Kl adult education, by enqdiasising freedom of speec h and fair hearing 
for minority views, forms th(‘ basis of good citizenship as understood in a democracy. 

We saw above* that the aims ol' adult, education fall into two distinct categories — 
to make tl.e members of the rural f)of)ulation (u) efficient in their calling and {b) goo<l 
citizens. Hence the content of adult edu(;ation has also to be twofold : ‘ vocational ’ Or 
‘technical ’ and ‘liberal.’ ‘Technical ’ education aims at preparing a man to earn a 
living or to make money, or else at training in some particular tecnnical skill, whereas 
“ liberal ” education aims at f)roduc‘ing as perfect and complete a human being as may be. 

Liberal educuition compristss a vast variety of subjects but can, according to Sir Richard 
Livingstone*, be broadly defined under two heads - the study of the material universe, and 
the study of man as a s(*ntient, thinking and spiritual being. This kind of education has 
sometimes been considert'd us(*Iess for the rural [population, but it should not be forgotten, 
as has been so a])tly said, that “ The continued discussion of how^ to raise crops can become 
stale.’’ 

Moreover we can S(M‘ from re[)orts on the Danish Folk High Schools how this liberal 
education has ludped to produce better farming. The underlying reason for this perhaps 
surprising result is simple. The threefold aims of “ better I’arming, better business, better 
living ” are intrinsically so inter-connected that, in our modern world, no one can be 
achieved without serious effort to reach the other two. This fact has been clearly recog- 
nized in the laiited States by the establishnunit of Distnission Groups and of the ‘ Schools 
of riiilosofphy.’ 

It might be argued that while these* ideas and aims may be sound and worth achieving, 
the rural [population has no int(*rest in its own education for wider knowledge and under- 
standing. That such a view^ is not in accordance with the facts is, in the writer’s opinion, 
proved (‘inclusively by the splendid development of rural institutions for self-education 
especially during the last few years. There is at present a widespread and profound desire 
for w-idcT knowledge*, of facts, and for the better understanding of their underlying causes^ 
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a thirst to know both ‘ how ’ and ‘ why.’ In an earlier part of this ])aper: we have dealt 
with the main institutions and agencies promoting adult education in rural areas. Judged 
by results their endeavours suffer from lack of balance and co-ordination. Their main 
weakness is that the education which they give is for the most part casual and scrappy — 
stray lectures or courses of lectures, haphazard discussions and demonstrations, overlapping 
activities, stimulus rather than education, a cocktail rather than solid food.” 

To achieve the real objective something more systematic and methodical is needed. 
The time therefore seems ripe for putting rural adult education into a sound, balanced* and 
co-ordinated frame- work. No one would wish to undo what has been achieved ; our aim 
should be to stimulate the growth of the institutions that are already in being, and to mould 
them to an integrated whole. The promoters of such a plan must be the voluntary bodies 
already engaged in this work. 

But the end envisaged — a balanced, co-ordinated and integrated organization of adult 
education in rural areas — can be fully achieved only if one of the voluntary bodies is made 
the leading partner, around which the others (ian be logically grouped. In the writer’s view 
the leading role can and should be played by the existing ‘ Farming Clubs ’ modified where 
nec^esskry and working together in a national organization. 

There are various reasons wh}^ we choose the ‘ Farming Clubs.’ Firstly, all oth(‘r vol- 
untary bodies have become connected in the minds of the people with one or the other 
j)articular activity, and are so fixed in their prestmt settings that it would be difficult to 
develof) them in the desired direction. But the ‘ Farming Clubs ’ are young, have not yet 
found their final form and thus (jould he moulded easily for the purpose in mind. Secondly, 
oth(;r institutions cater only for ])articular grou|)s of the rural poj)ulation, when^as the 
‘ Farming Clubs ’ as we shall see later, c^ould be so developed as to provide the great majority. 

It might be objected that there is already in being an oiganization, th(^ National 
l^’armers’ Union, which could fulfil all the needs of the rural [)o])ulation, but there are three 
l easons against the adoption of the N.F.U. as the leading partner in the proposed framework. 
Firstly, the N.F.U. comprises only one group of the rural population, r/*:.,'thc farmers; 
s(‘condly , how far has the N.F.U. hitherto worked towards the broad aim that we envisaged — 
“Better farming, better business, better living”? Last, but not least, the N.F.U. is 
(essentially a “ Trade Union.” Its main purpose, despite its recjcnt efforts to widen its 
activities, is t<.) look after the business interests of the farmers, as individuals and (^ollectively. 
As sliown in its motto : “ Defence not Defiance ” its main objeirt is to secure the eco 7 iomic 
well-being of the farming community. The organization we need is not one aiming at 
economic protection but at promoting the well-being of the rural j)opulation in all resj)ects. 

For similar 7*easons the Agricultural Workers’ organizations are uiisuited to play a vital 
})art in the organization of rural adult education. Their main function is the defence of the 
ecionomic position of the farm worker. . 

For all these reasons it is here pro])osed to make the ‘ Farming Clubs ’ the central 
institutions for the promotion of adult education in rural areas. So far the argument has 
been that no other existing institution can undert^ake the task ; in the following i)ages it 
will be our endeavour to show how the Clubs could be made to fill the neetl. 

JI. Practical methods to be Adopted by the ‘ Farmj>g Clubs.’ 

1. Vocaiional Education, The aim of the F.C.’s should be, in conjuncjtion with the 
appropriate statutory bodies which we shall discuss later, ‘‘ to translate the knowledge of 
the few into the practice of the many.” 

A few essential facts must be borne in mind in relation to this aim. Adults, on the 
whole, learn a little more slowly than young pcoide ; they have less acute vision and hearing, 
a slower reaction time and greater fear of failure. Therefore, the teacher must concentrate 
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on one thing at a time and develop it in logical sequence, first the ‘ why,’ then the ‘ what,* 
the * how ’ and the ‘ when.’ For these reasons it is important to give each member of the 
audience something on j)aper to take home. 

It is desirable that each Club should circulate a monthly News-Letter to its members, 
giving the essence of the talk, lecture, discussion, etc., heard by the members during the 
previous month. Morciover, these News-Letters should indicate sources of further inform- 
ation on the matters discussed. There is a further point of importance ; as Sir Richard 
Livingstone has said in regard to the schools : Tf the school is unable to teach people to 
vjish to read for themselves, it will be unable to teach them anything else of value.” 

The Clubs in order to achieve their aim must adoj)t all the methods which have proved 
effective in other educational institutions, wiiether at home or abroad. 

Talks by practical farmers and lectures by technical officers and scientists should be 
the basis of the normal winter aci-ivities of the clubs, (/oncorning these, it will l)e < lecessarj/ 
firstly to develoj) the stray lexjtures into an orderly course based on an underlying general 
idea, i.e., a course of lectures on one subject only or on subjec^ts which follow each other 
in a logi(!al way. But, in order to avoid the atmo.sphere of the schoolroom, it would 
be best, it sinmis, to have tw'o sets of meetings : one })roviding a course of lectures and tlu* 
other talks and discussions based on subjects of topical intc^rest, and to alternate thest^ 
It might even be necessary for larg(‘r clubs to form se])arat(^ study grouj)s so as to avoid 
overcrowding the regular courses. The largest number for su(‘h a study group to be fully 
successful should be between 20 and .‘10. 

All this implies that the C’lub programmes should bo considered and jdanued to cover 
more than a single session. Furthermor(‘,th(‘se programmes would have to bo co-ordinated 
and int(^grat('d with the j)r()granimos of the other institutions w’orking in the same district. 

The high value of ‘ fre(‘ for all ’ discussions in all Adult Education fu'ogrammes is now 
widely re(‘ognizod. All talks and lectures should be followed by a disemssion, and the tinu* 
devoted to this should b(‘ at least (ajual to the kuigth of the talk or lecture. But there 
should also bc^ from tim(‘ to time, meetings entirely devoted to discussion between the 
members tluunselves. The object of these should be the exchange of exjKTience of new 
ideas and techniques, and accounts of tlu’ir appli(‘a(ion. Troubles shpuld be report<*d and 
remedies disiaissed. But discussion must not beconu* an end in itself. It should lead to 
wider reading, to more formal study and to action based on the new knowledge thus accjuired. 
It setmis that in some* counties too mu(;h (‘inphasis has bt^en })laced on discussion in the 
sense that it is considered as th<' c^sstmee of Agricultural Adult Eductation and not as only 
one of the means to tin* end. “ We should be (‘areful not to supj}ose that these war-time 
improvisations have made the older emj)hasis on knowdedge, continuous study and good 
teaching out {)f date.” 

It must be kept in mind that the aim of ‘ vocational ' education is ‘ to enable us to 
earn our bread.’ Thus the many varierl scientific foundations of agricultural knowledge 
And })ractice must continue to })rovide the* main content of talks, lectures and discussions. 

To underline the theoretical work it is necessary that ad hoc demonstrations should be 
organized, mainly during the summer months, to show the j>ractical applications of the 
kiiowledge gained. Furthermore, standing demonstrational jdots should be laid out «Ct 
convenient distances from the club areas. This work has been very successfully started 
by most County War Agricultural Executive Committo(‘s, and 'should be continued to an 
even larger t‘.xtent. 

To make the practical man acquainted with the work of the scientist and to establish 
a valuable personal contact between these two groups, summer programmes should include 
visits to Ex|^«?rimental Statioixs. Such visits are the more fruitful and effective because 
they show thf^ practical man that the scientists are working for his benefit. Most l)eople. 
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had they such opportunities, would lose the notion that the scientist is working in an 
atmosphere of seclusion and away from the problems of everyday life. 

The demonstrations and visits advocate^d in the preceding paragrai)h should induc'e* 
the club members to experiment for themselves, and so benefit the whole neighbourhood. 
What is here envisaged is something on the lines of the “ experimental rings as developed 
in Germany. Such work could easily be fitted into the general framework of the clubs. 

Finally, all this work should be rounded off by the collection of crop reports, to give the 
individual farmer insight into the ])revailing local conditions, and so helj) him in regard to the 
marketing of his produce. 

2. Liberal Education. The aim of the ‘ liberar education, as [)rovided by the Clubs, 
should bo the advancement of the rural community, intellectually, socially and economically. 
Especially it should include education in citizenship ; a training for the exercise of the 
vote, based on sound reasoning. To avoid unnecessary repetition we refer back to what 
w'as said above on the activities of the Ameri(*an Discussion Groups and in ])articular the 
‘ Schools of Philosophy 

There should also be education in co-operation, which is only anoth(‘r aspect of good 
citizenship. This has been n^cognized by the I^ools and Mutual Aid Groups descrilx^d above. 
Mor(H)ver, the necessity of starting co-op(‘rativt* associations in an organized way is mon? 
and more re(;ognizod by jjractical men as well as by theoretical economists. 

The European Conference on Rural Life expressed its opinion on the edu(‘ativ'e value of 
co-operative organization as follows : — 

“ To view co-o])erative action solely frotn its economic side and to ignore completely 
its educ^ational, moral and social aspects would be to obtain an incoin]>lete and mis- 
l<‘ading impression of it. 

The whole history of the co-operative^ movement -in the (*itit‘s as well as in the villages 
shows that there is a- sort of natural affinity bttwoen the needs which give birth to 
co-operative action and the iumhI for education ; indeed, both are linkc'd up with a 
b(diof in progre^ss— a progress by sell-help. Tliis means not only that tin* d<Hjision to 
establish a (! 0 -op('rative organization, or adhen^ to on(% and the resulting (iollaboration 
in its management, presuf)poses some knowledge and a certain intellectual and moral 
standard ; it means also that-, directly or indirectly, (a)-operativ(‘ work (‘ontributes 
most effectively to the economic (education of the producer and consumia* and to the 
dovcloj)Tnent of their personal (pialities.” 

The same ob.servations as to the educational value of co-operative organizations have 
been made in the United States. 

But before a farmer can advance a reasoned opinion on practical or co-operative action, 
he has first to receive instruction on general economic and social subjects. For a full undei - 
standing of these subjects the club members would also have to learn something about 
rural history and goograj)hy. ^ 

The mc^thods to be adopted for ‘ liberal ’ education should be the same as for 
‘ vocational ’ i.e., talks, lectures and discussions. 

3. Connected Services. 

(a) Libraries and ** bookmobiles.’' It has boon rightly said that one of the main en- 
deavours of education must bo to influence i)eople to road. Hence, a well-organized 
library service should be established in all rural areas. It is important to make the greatest 
possible use of travelling libraries. Transport facilities enable the rural library to extend 
its service to a far greater number of individual readers ; they bring to the people the 
services of a librarian, for a trained person should either drive the library van or accom})any 
the driver. The librarian is the pivot upon which the success or failure of a village library 
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dej)end8. He or she must study the needs of liis or her clients, and, if possible, extend 
their numbers. 

The experience in the U.S.A. with bookmobiles” has shown that many rural people 
await the arrival of the librarian to ask him what to read in connection with some particular 
interest, and that they regard their contact with a librarian who is interested in their 
problems as the most beneficial aspect of library service. 

Furthermore, there should be, for the members’ use, at each of the local Farming 
Club Centres, a reference library of standard textbooks on technical and practical farming 
and related subjects as well as agricultural journals. 

(b) Text Boohs and Agricultural Journals. A library service as outlined above can be 
successful only if it is provided with material to serve as a source of sound and compre- 
hensive information. The main need here is for suitable text-books. These would have to 
be specially written in order to fulfil the requirements of an adult group intent oii gaining 
the necessary knowledge and to supj)lement the talks, lectures and discussions. 

The task of agricultural journals should be the dissemination of information on (a) 
practical farming o})erations and all subjects connected with these, including engineering ; 
(b) new developments in practice and theory, including the results of experimental work ; 
and (c) on the activities of all bodies* and agencies connected with the industry. 
Furthermore, the Journals should contain lists of books where comprehensive information 
could be found on the subject dealt with. 

(c) Visual Aids. There is at present a great deficiency in all visual -aid equipment. 
Farming Clubs should have at their disposal not only projection equipment for films and 
slides, but also an adequate stock of suitable maps, wall charts and diagrams covering all 
the subjects of their activities. The setting up of Visual Education Centres for the different 
regions, as has been done in the South-West, is highly desirable. 

(d) Wireless. The service of the wireless in disseminating information is of great 
imj)ortance, as has been shown during recent years. This service should be extended on the 
sam(' lines as outlined for the Journals. Reports on market conditions at home and abroad 
should be included in the service, as is so successfully done in the United States. 

111. The i^RorosED organization of the ‘Farming Clubs.’ 

1. Membership. The essential idea of the suggested Clubs is that their membership 
must- include all farm ])eople, male and female, masters and men. Every effort should be 
made to include the employee and to interest him in the club work. The quality of his work 
will improve with (‘V(‘ry stej) in the direction of knowing thi^ “ how ” and, not least, 
the “ why.” He will then work not solely to earn his living but also because he has the 
interest that comes from understanding. If the farm worker is to take his rightful })lace in 
the community, it will be iKic^essary to give him the same facilities for learning .and under- 
standing as tli(‘ master. After having received such an education farm workers will have the 
same standing as members of other trades, so that there will be no re^ason why they should 
feel themselves inferior. Furtliermore, the union of masters and men in the clubs will 
foster the team spirit wliich is perliajis even more necessary on the farm than in other 
emj)loymont. But again, membership should not be confined to farm people. It is of the 
utmost importance tliat farmtT and worker should be brouglit into close contact with the 
membiTs of ancillary trades. If the rural community wants to be considered as an entity, 
all (‘ngaged in rural crafts and trades should have a common meeting-ground. Each should 
know the other s problems. Modern developments in technique and in social and economic 
iionditions have brought about such a close relationship between the different crafts and 
trades c^oncc-rned with agriculture, that it is necessary that all should act as a group. 
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Comprehensive membership would, above all, make the clubs the chief means of rural 
adult education. 

2. Club Leaders and Organizers. The officers of the clubs should be unpaid and 
should be elected b}^ the members from among themselves, (^are should be taken to 
guarantee fair representation, on the club committees, of all groups. To ensure that the 
work will not be confined to one or two leading members of the clubs, there should be a 
number of Sub-Committees, viz , : — 

(«) A Programmer Sub-Committee to plan the whole programme and arrange for 
speakers. 

(h) A Competitions Sub-Committee to arrange competitions in the club area in the 
various agricultural crafts — thatching, hedging, j)loughmg, etc. 

(c) An Experimental Sub-Committere to arrange small variety trials, manurial trials, 
feeding trials, etc. 

(d) An Enttutainment and Social Sub-Committ(re. 

But the whole success of a club depends on finding th(* right })ersons to act as club 
lead('rs. C^lub leaders must have drive, vision and knowledge. They must know all the 
sounres of information and the whole ap[)aratuH of the agricultural organization and its 
]>ersonnel, and, last but not least, they must be able to act as discussion leaders. 

1'he first stcf) in tiie practical development of th(‘ proj)oscd scheme must, therefore, 
be the training of suitable persons as club leaders. A plan would have to be developed for 
such training. f!lub-ljeader Schools should be held at Agricultural Colleges or Institutes 
and should ])rovide comprehensiv(j courses of instruction, once a year and lasting perhaps 
a fortnight. The irnportancui of this whole question has been w(^ll recognized in the United 
States, where a d(‘finite voluntary leadership ])]aii is in o])eration. 

“ Our i)rogress in agriculture will be limited and very slow without farm lfmd(u\s and 
we cannot develop these leaders vuthout the voluntary leadershi[) plan. . . . 

The job of j)erfecting the community organization can best be acjcornplishod by training 

the project and neighbourhood leaders with the help of college specialists 

Leaders ought to be made to feel that they are leaders. About once a month a letter 
should be mailed to voluntary leaders only. Once or twice a year they should r(K*eive a 
personal visit from the county agent. These leaders also deserve to have a re])ort from 
time to time showing the accomplishments of their communities and counties. 

We suggest that a similar plan for training local leaders should be adopted in this country. 
Furthermore, it would be necessary, especiall^^ at the beginning, to employ full-time Club 
organizers. There should be at least one such organizer in each county. The organizer 
should be attached to the staff of the County Organizer and should b(^ in touch with all the 
agencies concerned with rural education. 

The organizer should be resi)onsible for the forming of new clubs, so distril>uted as to 
ensure that the whole of his county is covered. He would give necessary assistance to the 
local club-leaders, in the general running of the clubs, in the drafting of programmes, in the 
finding of suitable persons to give talks and lectures, in the provision of printed information 
material, etc. 

To ensure the smooth running of the whole administration and organization of the 
scheme it will be necessary to bring all who occupy leading positions in the movement into 
close })ersonal contact. The system as proposed by Prof. Ashby for the Young Farmers’ 
Clubs ‘movement should with appropriate alterations be adopted for the adult organization. 

Besides the suggested system of common instruction for Club Leaders, Organizers, etc., 
it might be very useful to develop a special organization for Club Leaders. The leaders 
in any one county should be brought together into some form of a common council. This 
<*ommon council of all the Club Leaders in any one county should then constitute a County 
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Planning Committc^e. Again, all Club Leaders in Great Britain should form and be members 
of a special National Association. This Association should disseminate information and 
should hold annual meetings at which the j)robloms affecting all leaders could be discussed. 
Finally, this Association should ultimately establish a residential college for Club Leaders 
some^what on the lines of the Scandinavian Folk High Schools. 

3. Area Organization. The smallest unit should bo the local club catering for five to 
eight parishes according to the local conditions. From the local clubs elected represemtatives 
should att<*n(l group meetings in order to bring and kee[) the clubs of the neighbourhood in 
close contact, to arrange combined visits, demonstrations, experiments, social gatherings, 
etc. Alternatively the chairmen of the local clubs ciould constitute a Grouj) Council like 
that which is a j)art ol’ the organization of t he Mutual Aid Groups. 

Elected representatives of local clubs should iittcnd regular county meetings to co- 
ordinate the work in their particular counties. These (*ounty nK^etings shoul ' be made 
statutory and should Ix^ attc^ndiMl by the members of the (;ounty j)lanning committee, i.e.y 
by all th<^ lo(*al (tlub leaders. There should be a ])roper county branch with its seat in the 
county town. A full-time secretary in (diarge of the county bran(;h should act at the 
same time as secretary to the county ])lanning committee. Sub -committees should be 
constituted according to the work to b(^ ptTformed in the difh'rent branches of farming, 
i.e.y dairying, livestock, horticultun^, etc. 

1'he county should be made the key administrative unit when dealing with the relations 
of the clubs to the Local Edut^ation Authority and the County Agricultural x\dviser. The 
regional or ])rovincial organization should coincide with the proposed provinces of the 
National Agricultural Advisory Service. MciuImts to attend })rovin(‘ial meetings should 
be ele(;t('d from their own numbers by tlu^ nunnbers of the (jounty branch. Here also sub- 
(‘ommittees should be brought into being. 

Finally, th(*re should be a National Federation of all the clubs in Great Britain. A 
member of each club should represent his own local club at the annual meeting of the 
National J^*dcration, and should n^port back the transactions of this meeting to his fellow 
members. 

4. Name. The nam(‘ of the clubs should e\))ress the idea that the clubs are tin* common 

ine(*ting-groui\d of all }X‘oplc living in rural areas and are connected in one way or another 
with the farming industry. The Tiame should also bear close refenuice to the locality which 
the local club or th(^ higher group is serving. “ The. . . .Farm (\)mmunity ” is tentatively 
suggested. A hmil club ’would tlum, for instance, call itscOf : “ The Windsor Farm Com- 
munity,” a (*ounty branch : ' The Oxfordsinre Farm ('oinmunity,” the })rovincial unit : 

“ Th(^ South-West Farm (k)mmunity ” ; and the national federation : “ The National 
Federation of Farm Communities.” 

5. Meeting Places. The ob\ious meeting-] dace for th(^ local Farm Community 
is the Villag(i Hall, serving as it docs as the g(‘neral social (centre and the focal point for all 
village activiti(*s. I'he Ministry of Education He])ort on “ Community Centres ” demands 
that *’ Provision for a Village Hall should be made in all villages with a })opulation exceeding 
400.” 

Besides the common hall for meetings the Village Hall sliould include a Club Room which 
might b(' shared by the diffenmt institutions active in the village. The Club Room should 
contain the Refer(‘nc(' Library of the local unit, ready to be consulted by the members at 
any time. 

District. The id(*al meeting ground for the meetings of the proposed area, groujj or 
district unit of th(» ‘ Farm (Vmnnunity ’ would be tlio ‘ V^illage or County Colleges ’ to be 
cstablisluxl on the lines of the Cambridgeshire Village Colleges. 

At tht\s(^ collegt^s o}>portunities should be provided for training rural craftsmen. There 
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should be a classroom specially designed for this purpose and fully ecpiipped with the neces- 
sary machines and tools for training blaciksmiths, carpenters, etc., on the lines of the scheme 
prepared by the Herefordshire Rural Industries Council. 

But, in our opinion, these ‘Village Colleges' should be used, as fa<r as adults are concorijed, 
only for purposes and recfliiremenis common to the “ district,"' i.e., to a relatively large 
number of neighbouring villages. Activities at the ‘ Colleges ’ should be restricted to matters 
concerning the whole area and to activities which could not well be undertaken by the 
local unit — such as the training of blacksmiths— in order to avoid the draining of activities 
from single villages. Activitit^s at ih(\se (colleges must not interfere witli tin* healthy local 
activities of the local unit at the Village Hall. 

County, There should be a building in every county town specifically designed to house 
all activities concerning the farm community at the county level. We incorporate here a 
j)ropo8al made in the United Statens and suggest that it might be adopted in Gn»at Britain : 
“ a building which would adequat(dy house all activities of th(i U.S. Department of 
Agriculture at th(‘. county level and })rovid(*. adequate facilities for local farmers and their 
famili(‘H would do morf» than any other one thing to consolidate the efforts of the 
De})artment in a unified working program. It would provide the farmer with a centre 
for information and servic^e that would mean greatly increased parti(;if)ation in all 
agricultural programs.” 

{Such a building should ])rovid(‘ acciommodation for tlu^ County Organizer and his 
staff, for other Ministry of Agriculture officials, and for various voluntary organizations 
concerned with rural education and recreation. There should be a lecture hall and a 
library. A step in this direction has already^ been taken by the Carnbridgeshin* Rural 
Community Council in getting a home for voluntary organizations, nanudy ; Cambridge- 
shire Hous(». 

Region : d'he me(‘ting-plac(» and office of the provincial unit of the ‘ Fai ni (k)rainunitv ' 
should bo in the same building as the headquart-cTs of the Provincial Advisory Service. 
Professor Rae has suggested : 

“in our ])ost-war planning we might with profit giv(‘ very’^ careful consideration to this 
question of provincial boundaries and the location of the various provincial head- 
(piart(us at one centre. It does allow' at least frequent and easy intercourse and 
meetings between teaching, research, advisory and administrative staffs.'’ 

Thus, a provincial centre would be the ideal place to house nil activities concerned 
with the provin(;e. 

National : The National Federation of Farm (k)mmunities should have its head- 
quart(‘rs in an adequate building in London. 

IV. Relations of the “F^rm Communities” to other Boihes. 

1. The Local Education Authority and the National Advisory ^ertnee. Under Clause 
1 of the Education Act 1944, the duty is laid upon the Minister in charge of education to 
promote the education of the people of England and Wales, i.e,, not merely of children and 
adolescents, but of ‘ the ]:)eoj)le,’ and to promote the progressive development of institutions 
devoted to that purpose. With regard to this Clause Mr. Butler remarked that the 
Minister could assist new forms of organization to further the educational effort. 

On the other hand the duty of providing technical advice to adults engaged in agri- 
culture is to be transferred from Local Authorities to the Ministry of Agriculture and a 
National Advisory Services is to be set up. It is clear that the County Officer of the National 
Advisory Service will have to collaborate with the Local Authority^ in jiroviding the 
assistance that the Clubs will require. 
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2. Universities. Besides tJie L.E.A.’s and the National Advisory Service there is a 
third independent l)ody, namely, the Universities to which the Farming Communities may 
look. The (;onne(;tion between the Universities and the organization of the “ Farm 
Comnumithvs ” will have to be established at the provincial level. The Universities will be 
able to sup])iy le(;turers in their respective y)rovinees, by request, down to the local level. 

3. YoH7ig Farmers' Clubs. The Y.F.C.’s should be the main feeder organization of 
the local “ Farm Communities ” with regard to the ordinary membership and especially 
to the leadership group. Members of the Y.F.C.’s are bt*ing trairuKl in all the necessary 
knowledge and techni(|ii(\s to enable them to b(H^ome (3ub and Discussion Leaders. Thus, 
there should be a close eo-oporation between the Y.F.C'J.’s and the Farm Communities.” 
Where there are already Y.F.(^..’s in existence they could hel]) in establishing Farm Com- 
munities ” by calling on the assistance of former members of the Y.F.C.’s who have 
resigned owing to reaching the age limit. On tlu' other hand, where to-day “ Farming 
Clubs ” are in Ixung, thc^y should stimulate the foundation of Young Farmers’ Clubs in 
their areas. Such collaboration would ensure to the full the continuity of both teaching and 
pi’ogrammes, and thus the fullest ])ossible development of their members. 

4. Womens Institutes. The Women's Institute's should b(' the sister organization 
of the ‘ Farm (kmirnunities.’ The instruction in agriculture and homemaking has to be 
correlated at the adult, as at the youth and high-school levels. This has been sucH^essfully 
(iarried out in the United States by the Extension Servici^, which is (‘oncerned with agri- 
culture 071(1 homernaking (or honie-economi(*s) as tlu' two main material bases of rural life. 

There is now a wides})read feeling in the W.l.’s that such a correlation is necessary 
and this feeling is shared in many other quarters. This idea (;an be put into j)racticti 
immediately “ Farm Communities are established all over tlu^ country. There should 
be a liaison offi(*er of the W.I. at the “ Farm (.ominunities " and rice versa, to ensun^ the 
])lanning of community programmes in agriculture and homemaking. Besides these 
‘ vocational ' educational activities, nuKJtings of either body devoted to ‘ liberal ’ education 
should be thrown o])en to numibers of the other. 

5. Workers E(lvcati<m Association . The W.E.A. should fU’ovide for courses ])lann(Mi to 
supplement the ‘ liberal ’ education of the “ Farm Communities and the Women’s 
]nstitut(*s. 

(). (\)mmon Councils. («) Adult Education Councils. To safeguard at the local 
lev(*l a c-o-ordinaU'd and integrated programme for all the agencies concerned with rural 
adult education it is suggested that an ' Adult Education Committee ’ should be established 
in each village. This should consist of represen tativ(‘s of all tlu' statutory and voluntary 
bodies in each village concerned with education. 

But. the ideal to be achieved would be, in our o])inion, the forming of a “ Village Com- 
munity Council ” oi’ a ” Ccjm in unity Association *’ of men and women representing every 
organization, every int(*r<‘st and every class in the village. Thus a fully organized com- 
munity lilt^ could be brought about, avoiding overlap})ing or gaps in the different activities 
and preventing misunderstanding and illfeeling. Huch a council would be responsible for 
all a(;tivitii\s, including education in economic and social matters. 

(6) County Rural (Community Coimcils. What was said with regard to the necessity 
of co-ordination of activities and jirogramrncs on the local level applies with equal force 
to the ( Vanity levid. There is already in existence the successful organization of Rural 
(Vnnrnunity (V)unciJs in twenty-two counties in England and Wales. Thus the need only 
arises to form in all counties such a R.C.C. The County Organizer and the representatives 
ol the “ (k)untv Farm Community ” and of the “ County Planning Committee ” should 
bt‘ members of the R.C.C.'s along with the representatives of all the other statutory and 
voluntary bodies. As the Rd'.C.’s have their national parent- organization already in the 
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National Council for Social Service it must be considered whether it would be of value to 
establish also a provincial federation to enable this co-ordinating agency to do its useful 
work on this level as well. 

V. Relation to farm-busine.ss and industrial oroanizations. 

1. The National Farmers' Union and the NaHonal Union of Agrictiltnral Workers. 
We explained above that in our opinion the N.F.U. is essentially a “ Trade Union ” for the 
farmer. Thus the relationship between the ‘ Farm Communities ’ and the N.F.U. should 
be fixed so that the N.F.U. would act as the political and business executive of the farmer 
members of the “ F.C.’s ” representing and fighting for their political and business rights. 

Since the discussions and debates in the ‘‘ F.C.’s should exclude all party })olitical 
matters and should be essentially of an educational character, the N.F.U. will continue to 
serve its main pur^iose. But it will be of special value that master and men will be members 
of the same organization, the “ Farm Communities ” and will thus be brought together on an 
e(jual social basis. This will bring about a closer relationship and a better understanding 
of th(‘ other man’s case, and so do something to avoid quarrels arising from biased views. 

To the same extent the N.U.A.W. should remain the political and economic* executive 
organ of the farm worker members of the F.C.’s ”. 

But all matters conciorned with education — vocational and liberal, economic and socnal 
— should be left entirely to the common organization for all rural people, the Farm Com- 
munities,’' and, on the other hand, these themselves should be kept fr(»,c'> from all |)urely 
]>olitical and purely business issues. 

The function of the “ F.C.’s " will be to educate their members — farmers and farmworkers 
alike — so that they can undc'rstand and grasp fully the economic, social and political 
conditions of the past and present and by so doing to enable them to take an intelligent 
part in the transa(‘tions of their respective ‘ trade unions,' the N.F.U. and the N.U.A.W. 
Such a disinterested and, as far as possible, objective instruction in these subjects is, in our 
oiunioii, to b(^ preferred to one given by the “ Trade. Unions themselves. This is one 
more reason why we propose to make the “ Farm Communities ” the central body in the 
framework of the rural organization. 

2. Co-operative Associations, etc. We have shown above that one of the tasks of the 
F.C.’s " should be education for co-o])eration in all sj)heres. The members of the 
F.C.’s ” should be stimulated to undertake co-operative enterprises and train(*d to partake 

intelligently in such undertakings. 

But we are of the opinion that “ F.C.'s ” should not themselves actively undertake any 
co-operative enterprise. “ F.C.'s” should give active support to tht? foundation of neceSsarv 
<.*o-operative enterprises, like Machinery Pools, Bull-Schemes, co-of)erative Pasteurisation 
Plants, etc. Such ent(T])rises should be undertaken by separate units, by co-operative 
societies and associations. The essential task of the ” F.C.’s ” should not be entangled 
with business enter{)rise. If a local “ F.C. ” were to start a co-operative enter j)rise, this 
enterprise would of necessity become its first concern and the main task to be performed 
by it would suffer serious harm. The F.C.’s ” should, by instructing theii members and by 
educating them to lofcal leadership, build up the human material required to run such 
co-operative undertakings. There should, of course, be close cH)ntact between the 
F.C.’s ” and co-operative associations, even leading to a personal contact between their 
officers, but both bodies should remain as separate entities. By stimulating the co-operative 
enterprise of their members, the “ F.C.’s ” will themselves benefit, because their members 
will then learn by practical experience what thev have been taught as members of the 
F.C.’s ‘ 

On the other hand, the starting of co-operafive undertakings by members of the rural 
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community without the instruction and the necessary background which we suggest that the 
“ F,C/h can provide, might easily lead to disaster and bring the whole agricultural co- 
operative movement into disrepute. 

Thus, th(' “ F.(\’s ’’ will act as a basis from which the agricultural co-operative move- 
ment — “ the organizing })rinciple of the new agriculture — will take its strength and 
stimulus. 

3. Chambers of Commerce. There should also be close contact between the rural com- 
munity and industrial and business interests. We have spoken above about the close 
relationship in modern times between all the branches in a national economy. Therefore, 
the members of the F.C.’s ” should have first-hand information about the development 
in the other branches. We suggest that this information could be given to the “F.C.’s” 
through the establishment of liaison officers between the “ F.C.’s” and the Chambers of 
Commerce. In addition, th(ire should Iw^ common inot^tings devoted to instruc ive talks 
and lectures, so giving the members of both organizations an insight into the activities of 
their respective fields. 


The writer hopes to havt* shown that th(‘ proj)os(^d d(‘V(‘]o])m(mt of the ' Farming Clubs ’ 
now in existence into a nation-wide organization of ‘ Farm (bmmunities ’ will serve to 
establish a well-organizt^d, balaiUM'd and healthy rural life, held together by a common bond 
of mutual resp(‘ct, understanding and confidence, and that this development can bt^ achieved 
without detriment to existing voluntary organizations. On the contrary, it is maintained 
that, by making the ‘ Farm (Vmimunities ’ the fo(‘al points and (\ss(‘ntia] links between all 
the organizations concerned, these bodies will rtM*(dv(‘ additional stimulus and will })rosper 
by su])plementing each other and so forming a homogenous, co-ordinated and integrated 
whole. 

It is submitted that the present time, when all minds ar(‘- ketMi and alert, should be used 
to further actively such a ]}rogramme and to lay t-he foundation stone for the suggested 
movement. It would })e a pity if th(‘ seeds sown in the field of rural adult education during 
the war were not brought to maturity and gathered to the bcTu^it of the w hole country. 


1, Huookfiktj), 

Nkwnuam VVai.k, 
(’amtiktoge. 


(J. F. HJRSCH. 
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LAND SETTLEMENT IN ENGLAND 

Thic kffkct of war always seems to be to stimulate a demand to settle on the land. 
Many nu'ix who might never have thought of doing so in peace-time (‘.ome, in war-time, 
to think tlia.t is what they would like to do after they have done’ with fighting. Some 
townsmen, who had long cherished a dream of being able one day to settle on the land, hope 
that the ehanee may now have come. Some countrymen and wage-earners who had not 
bet^n able to save the capital necessary to set up on their own account trust tliat their war 
gratuity may now enable them to do so. 

With many of those ex-service men who were formerly employed in urban occupations 
the moi-ivc^ for stacking a new career in tlie country may be little mort^ than a vague idea 
that life would be pleasanter and more free from the irksome (conditions of wagc-(uirning 
employment in a factory. 

Whatever the reasons for it are, there is no doubt that the demand is there. Everyone 
who is in touch with men serving in the armed and civil defence services knows it. ft is 
sufficiently extensive to justify or rather require that it should be taken seriously. Men 
with littke or insufficient knowledge are looking out for plots of land and even getting their 
relations to buy on their behalf. Unscrupulous spetculators are ready to take advantage of 
this opportunity to sell plots of poor land for good prices. Many siicch men, in spite of 
warnings from thosec who have some knowledge of the difficulties which (confront the 
small holder, may invest their savings in unsuitable land and find, too late, that they 
cannot make a living. If no plan is adopted to deal with this demand much discontent 
will be roused among many thousand men and indeed w omen, and there w ill be lamentable 
failures among those who hav(' gone ahead and tried their luck. 

On these grounds alone there is a strong case for devising machinery" for making the 
best advice available to men Avho seek it and giving those who are determined to acquire 
a holding all the help possible, and for impressing on every man who contem])lates settling 
on the land the real nature of the difficulties he will have to meet. But there is need for 
mor<‘ than that. This impulse to s(‘ttle on the land raises an issuer of deep social significance. 
However light-heart(Hl or suj)erficial may be the reasons actuating many of those who think 
of a pleasant lif(? in a country cottage in contrast to that of factory or office, it nevertheless 
rcfnvsents a widespread and instinctive urge for freedom, for being your ow7i master, for 
ceasing from spending your life being ordered about. This is a perfectly legitimate and 
respectable desire. Tf we believe in democracy and in respect, for the individual, and if we 
think public policy should be so direct/cd as to encourage men and women to stand on their 
own feet, and live as fjec lives as possible, then we should surely respect that desire and even 
w^c^lcomt^ it. It r(q)resents the very thing on which strong character can be built, the very 
thing wliK'.h the d(unocratic idea stands for and the autocratic, authoritarian idea repudiates. 
Ther(‘ is to-day in the world of industry and commerce a certain conflict between those who 
aim Ht the (Teation of larg(' organizations employing thousands of men and those who 
want to see th(i small man survive. This issue is commonly discussed in terms of economic 
values. In a competitive world economic considerations must be given due weight, but not 
to the t ot.al excjiusion of human ones. Belief in the value of the small man is not merely 
sentimcnt-al. It may well be that the development of a healthy and intelligent community, 
of a. self-reliant^ d(unocracy depends as much on the retention of scope for the individual 
to live his own economic life in his owm way as on efficient large-ucale organization. It 
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looks as though both are needed and if that is so it becomes a matter of first-rate national 
importance that the growing impotence of the small man in competition with the large 
organization should be examined so that steps can be taken to preserve an economitt field 
in which the small man can find liberty to live in his own way and scope to render his 
own special contribution to the life of society. 

It is not only those who have been uprooted from their normal lives to serve in the 
armed forces who need consideration. Always a proportion of those who have been born 
and bred in the country and have entered the service of agriculture at the bottom want 
some day to have a holding of their own. The realization of this ambition has been 
difficult in the j)ast in spite of the facilities provided by the Smallholding Acts. For a wage- 
earner in agriculture, with a family to support, could hardly hope to save enough money to 
equip aiid finance a holding large enough to yield a full living — even at best — before lie was 
well advanced in years. Some did so, either by obtaining help from friends or relations or 
by first acquiring a small plot which they worked in their spare time and then gradually 
incTC'asing their stock or their cultivations. But if the needs of the countryman are regally 
to be met it should bc^ possibles for him to obtain a holding while he is still in the jirime of 
life, while his children are young and he and his wife can together earn a living and create 
for themselves and their family a life which is not a mere struggle for existence overshadowed 
by th(* need for incessant scraping and the fear of failure. 

Thei’e are then two aspects of the pi-oblem of land settlement — the demand from stu ving 
soldiers, sailors, airmen and women on the one hand and from permanently (‘stablished 
countrymen on the other. For the time being the princijial existing sidierm* for meeting 
this demand — the (bounty (councils Smallholding Scheme — is susyx^nded and th(‘re isS no 
immediate prosjiect of its being again brought into opiTation. 

The time, therefore, is opportune for considering what priindples should guide future 
f)oli(‘y : what should be the scofie and purpose of a land settlement scheme and wIk'IIku* th(' 
Smallholding Acts need amendment in order to perform a clearly defined function within 
a broad national social policy as well as within the more restricted field of agi icultural 
policy. 

The Scope of Land Settlement Policy. 

Hi'fore discussing the actual issues involved it is important to be (dear as to tlu* exi(uit 
of the jirobhmi to which the tcwni ‘‘ land settlerticnt ” applies. To arrive at a definition 
it is necessary to record the change which has been taking placje in informed opinion about 
th(^ relations of town and country ; the effect on urban so(;ial conditions of rec(‘nt adx ancjcs 
in industrial technology ; the growing realization of the unsatisfactory standard of housing 
and health among Dur urban population and of the influence of n(‘W methods in education 
on social habits. 

After a long period during which the life of town and country became moir^ and moiv 
divorced a contrary movement has now set in. Instead of the population moving steadily 
away from the country into more and more congested towns, as was haiipening through- 
out the nineteenth century, the inhabitants of towns have been emerging into the country 
and spreading untidily over larger areas. Consciousness of the evils resulting from the 
concentration of factories and commercial offices in towns led the Barlow Commission on 
the Location of Industry to recommend that national policy should be directed towards 
deflecting industry from the larger centres and securing its more even distribution through- 
out the country as a whole. The impetus which the war has given to the idea of better 
urban planning, while perhaps not strong enough to achieve all that is hoped, will certainly 
result in a clearance of some of the most congested areas in towns and provide more space 
to be used for various kinds of recreation. 
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The development of industrial processes and particularly of production by repetitive 
methods may well have two effects ; to make it possible to meet the capacity of the market 
to absorb the goods produced by less expenditure of manpower and to stimulate a demand 
for shorter hours of work. The raising of the standard of education^ may tend to produce 
a similar demand. As men become more mentally alert and better informed more of them 
are likely to bo reluctant to spend a large proportion of their lives in earning their living 
by work which makes little or no appeal to their intelligence. 

These various influences appear likely so to operate as to increase leisure and so create 
a vacuum which must be filled. Tf in the process of reconstruction we concentrate our 
minds too exclusively on g(^tting the wheels of industry and commerce going again, or indeed 
on making everyone* economically secure, we shall be in danger of creating grave social 
problems. To illustrate this risk it may be pointed out that probably much of the existing 
demand from men in the armed and civil defence forces for opportunity to settle ( i the land 
is prompted by an instinctive desire on the part of those who were previously townsmen 
for a more spacious way of living. It springs from discontent with the confined life of streets, 
from a legitimate wish to give better and healthier conditions to children, from an aspiration 
for a fuller and more satisfying and more varied way of Me. Tliis is not just a passing 
phenomenon. Failure to recognise it and meet it must rt\sult in social unrest. It is not a 
mere platitude to say that one of the most baffling problems of the future looks like being 
the employment of leisure. 

All these various considerations lead uj) to the (question, what part can the land play 
in providing a solution ? Can we plan, for instance, far more consciously and deliberately 
than we have done in the past lor land to be treated in the future as one of the means 
whereby a solution can be found ? 

The dispersal of industry will result in factories being erected in areas where land 
can be made easily available for cultivation by workers as a bye- occupation. The appli- 
cation of town planning principles will result in the inclusion of larger spaces within the 
confint‘8 of towns whi(?h (iould be similarly used. The development of the practice of the 
cultivation of land by town workers can provide a strong bulwark of defoncie against the 
worst evils of unem])loym(*nt or under-employment and so further the policy of social 
security. But the realization of thosts ideas depends u})on whether in fact town workers 
want to cultivate land in their leisure time. To this a partial answer can be given. The 
experience of this war and the last has shown that large numbers of townsmen are r(*ady to 
cultivate gardens when the need arises. In p<»ace-timc, no doubt, many will cease to do so 
voluntarily. Otlu^rs want to continue and many will be unable to do so because the land 
will be n^quired for other ])urposes. Taking tlu? country as a whole, before the war, the 
demand from townsmen for allotments was coiLsiderably in ex(;ess of the supply. In certain 
])arts of the (jountry, and particularly in coal mining an?as and districts where the local 
industry is liable to regular seasonal depression, the demand for land to cultivate has been 
persistent and seldom fully satisfied. The experience of somc^ at least, of those businesses 
which hav(? been evacuated from London has been that a number of their employees have 
discovered the pleasure of gardening and will b(* reluctant to return to conditions that make 
its pursuit impossible. Broadly speaking few'^ })eoj)l(‘ enjoy idleness or time which they 
cannot activ(*ly employ. Of all kinds of hobbies to which men turn, gardening in some 
form is })robably the most poimlar. If, therefore, we arc to find satisfying uses to leisure 
time, land for tow n workers to ^mltivate is certainly one important means of doing so. 

To include the part-time cultivation of land in the definition of land settlement may 
scH’sm to be extending too widely the scope of the discussion. It is, therefore, worth while 
summarising the reasons for doing so. The demand for facilities to settle on the land is not 
entirely a phenomenon produced by the w’ar but is to some extent prompted by discontent 
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with urban conditions of life. Improve those conditions and create extensive facilities 
for the townsman to satisfy his need for a constructive hobby and a considerable step will 
have been taken to meet a widespread need which is better satisfied in this way than by 
opportunities to settle either as a smallholder or even as a wage-earner in agricultm*e. 
The extension of part-time cultivation involves market gardening and possibly poultry 
keeping ; perhaps pig keeping. These forms of production need proper supervision. 
Stock es})ecially must be carefully looked after if risks of disease are to be avoided. The 
volume of i)roduction from this source in the whole country may become substantial — it 
has become substantial during the war — and it should be watcluid from the point of view of 
j)roduction generally. The sale of produce surplus to the homo requirements of the 
producer must not be allowed to undercut prices for those who derive their full living from 
similar enterprises. Thus a land settlement policy in its full sense means a policy which 
will rnciot the demand for the use of land both as a means of earning a full living and for 
land to cultivate as a bye-occupation whether by countrymen or by townsmen. Such a 
policy should bt^ controlled and directed in accordance with definite principles designed to 
furtluu' tlu^ social welfare of the nation. 

Th(' })art-time cultivation of land by townsmen involves the production of consider- 
able quantities ol‘ food-stuffs and raises (pu^stions concerning the hygiene of small stock 
keeping. It should, therefore^, b(‘ included within the orbit of a policy concerning small 
scale ])roduction and should b(^ {)roperly supervised and guided under the general super- 
vision of tlie Ministry of Agriculture. 

Thk PuKPosis OF Land Settlement. 

Using the term in the^ broader sense suggested above the purpose of a ])olicy of land 
settlement must be principally, though not exclusively, socjial. It is on grounds of personal 
well-being, of considerations coiicerning the relation of the individual to society and of the 
health of tlie community as a social unit that a decision must mainly be made. Mainly, 
but not exclusively. The small farmer, for instance, constitutes an important ehunent 
of stability in the economy of agriculture. As was pointed out by Messrs. Orwiii and Darke 
in their book “ Back to the l^and ” which w^as written as a criticism of the ])roposal to 
attempt to establish unemj)loyed industrial workers as smallholders, “ the family farnu^r, 
the real smallholder, is of fundamental importance in British rural economy. Indeed h(^ is 

its most pennane?it constituent member'’ “ his position gives him a stability 

which few produ(*.ers of ])rimary commodities enjoy ” . . . . “if times are bad the margin 
between rec(uf)ts and payrru*nts may be very small, but there is generally something and 
his ex})enditiire ondiis own living is adjusted accordingly. He knows nothing of the dead 
weight of the weekly wages bill ...” 

Thus the small man ptirforms a definite economic function and this should not be for- 
gotten when we consider v hether or no agricultural policy should include a mc'asurt' of land 
settlement. We are entering upon a new economic epoch. We cannot b(^ sure that some 
of the articles of faith whicjh have dominated economic thinking will not prove illusory in 
the future. It may pvon be that further experience may modify the views of those who 
to-day believe firmly in the value of large-scale organization, for large' units hav(' their 
Achilles heel as the unemployment crisis of the decade before the war indicated. This is not 
to argue that a policy of land settlement should be adopted on economic? grounds, but to 
bring out the fact that even on economic groxmds some arguments (?an be adduced in 
favour of a policy which aims both at strengthening the position of the small man and of 
maintaining a proportion of small producers. 

But, even, if that is true, the arguments in favour of a policy of land setMement must 
be conceived in terms of human needs rather than in those of material considerations. 
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Our national life is built on belief in the value of the individual. In the past we have often 
allowed ourselves to forget this. In the delirium produced by new discoveries, in the visions 
of wealth and power whicli they conjured up, we allowed regard for the welfare of the 
individual, as a person, to be subordinated to the ckims of industry and trade. In due 
course the inevitable results ensued. We have had, and still have, to pay a heavy price for 
tluit negle(;t. There is a grave danger now that in preparing to meet the competitive 
iionditions of the j)ofcjt-war world our national policies will again be determined too much 
in the light of economic (Hmsiderations and too little in those of human welfare. How does 
this apply to agriculture ? So far as the conditions are concerned under which the bulk 
of those engaged in the industry have lived, they have been grossly neglec^ted in the past. 
Relatively speaking, little has been done during the last fifty years to crcatci in the country- 
side an environment in which men and women would become fully responsible citizens and 
fully developed individuals. If we now concentrate our minds too exclusively oi. questions 
of increased production and better agricultural organization we shall not be developing 
the one thing that ultimately is the most important of all — a rural (‘ommunity of which the 
members are conscious of their responsibility to society, who know and feel that, as 
individuals, they are of importance in the structure both of the industry by which they 
gain their living and in that of the state of which they arc citizens. 

In other words if we are to have a prosperous agriculture we must bring into and retain 
in its not only as land owners or as tenant farmers, but also as worki^rs, men and women of 
quality who (^an find in their work and in their life full opportunities to discover their 
powers and realise their ambitions. Here are to be found strong grounds for a policy of 
land s(*ttlement. While there are many men who are satisfied with and indeed prefer to be 
employed on a wage-basis, there are others wdiose ambition it is to be independent. If 
one purpose of enlightened government is to secure as far as possible the full development, 
of every individual, them the needs of this particular group should bo met. Many of such 
men valiu* iudey)endence more than high material reward for their w ork. They are poten- 
tially a valuable element of soedety and if they cannot find the opportunity they seek in 
agricult ure they wdll tend to seek it elsewhere. Given a fair prospect of obtaining a holding 
of their owirat a reasonable time of life, they wdll be more likely to rcnlain in agriculture and 
to make their (;ontribution to the? stability and variety of the rural community. To provide 
for their needs is to a(?t in the interests of agriculture as an industry. For it is not to its 
advantage that men should leave it because they can see no hope of realising their ambitions 
or that the children who might have adopted agriculture as a career should go away to earn 
their livings in offi(?e or factory. 

For a long time past men have been abandoning agri(?ulture, not only because wage 
rates were unattractive but also be(?ause conditions of life in the country were incompatible 
wdth the standards which have become established by better education and improved 
conditions in the towns. Women are less and less ready to tolerate the lack of normal 
dornestii* ameniti(‘s yirevailing in too many villages. The educational facilities open to the 
children of country people are on the w^hole inferior to those available to towm children. 
Ac{?ess to places of higher education is more difficult. Medical and other social services are 
less well distributed in country districts. 

A higher rate of wages will not alone be sufficient to counteract the influence which 
these disadvant^jges exert on parents and on children in the choice of a future career, and 
agriculture wall continue to compete at a disadvantage with other occupations for the 
retention of young jnen of energy and ambition and for new entrants. It is even question- 
a,ble whether the w^age rates after the war will be maintained at a level comparable with 
those prevailing in urban industry. The demand for labour to meet the needs of all kinds 
of manufacture is likely, at least for some years to come, to be considerable. This will tend 
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to keep urban wage-rates high. Moreover, urban industry is more exposed to and responsive 
to pressure from organised labour than agriculture. Consequently there is a strong 
likelihood that the gap will again widen between the wage rates paid in the two types of 
production. Thus agriculture will need all the help it can get if it is to compete on 
approximately even terms with urban industry for the services of men of quality. It has 
been observed too that one attraction of the town has been the greater, or presumed greater, 
opportunity it provided for a man to set up in business of some kind on his own account. 
If agricultural policy included satisfactory provision for helping men ’to independence at a 
reasonably early age this influence would to some extent be overcome and the attraction 
of the industry as a career would be appreciably increased. In the interest of agriculture it- 
self, therefore, land settlement has a function to perform and one which might in time have a 
powerful effect in bringing into and retaining in the industry and in the countryside the 
men whose independence of (;haracter and energy give them a special value. 

Thus in addition to the main social purpose of a land settlement policy there exists 
what can legitimately be called an economic purpose and one of considerable iniportan(;e 
when the stability of agriculture will depend in this country on high quality of production 
and the intelligence and resourc^e of those engaged in it. 

If, however, the main purpose of a policy of full-time smallholdings must be the 
satisfaction of a social and personal need, the same applies even more to part-time holdings, 
l)oth in the country and in towns. If greater facilities were provided for enabling the 
agricultural worker to obtain the capital he requires in order to finance a full-time holding 
it is possible t.hat the demand from men of that kind for part-time holdings would diminish. 
It would, however, still exist. Many countrymen are reluctant to leave the district they 
know' in order to take a holding away from their friends and amid unfamiliar conditions 
and are likely to prefer building up their resources through the medium of a piece of land 
which they (;an look after in their spare time, to embarking, at a single step, on a full-time 
Jiolding with borrowed money. In towns the problem is different. Very few of those who 
want a plot of land to cultivate i^ontemplate taking up agriculture as a cai^ecr. They w ant 
it. because they enjoy the work and also because of the food it can supply for their house- 
holds cheaply, and, in some areas, because many men, and particularly the older ones, are 
still haunted by the fear of unemployment and see in a plot of a quarter or half an acre* a 
v(jry real means of contributing to the support of their families should they fall out of 
work. 

Briefly summarised, the purpose of a policy of land settlement as defined abov(^ must 
be partly to remove the obstacjles which prevent the wage-earner in agricultuie, m ho wishes 
to become an independent producer, from realising his ambition ;])artly to raise the status 
of agriculture as a career by creating the attainable goal of indei:)endiinco for those who 
desire it ; and partly to open up for townsmen a wider fkdd of interest and occupation 
and, to those who have the inclination, a subsidiary means of support. 

The Difficulties to be Overcome. 

{a) Full-time holdings : 

The difficulties to be overcome in establishing a successful scheme of smallholding 
development are of two kinds, firstly administrative and financial and secondly personal 
and individual. At the present moment the administrative difficulties are formidable. 
There is, for instance, no free land available as there is in a new country, so that land to 
be used for this purpose must be acquired from existing owners and devoted to a different 
kind of production. Good land is necessary. If a man is to get an adequate living from a 
small area it is useless to give him poor land — andjgood land is expensive. For some time 
t o come the building industry will be overwhelmed with w^ork ; no spare labour is likely to 



120 


Land Settlement in England 


be available and the lay-out and equipment of a smallholding estate, with its houses, out- 
buildings, roads and sc*Tvices demands a large amount of labour. And again costs are likely 
to remain high. Before the war the cost of establishing an equipped holding on one of the 
estates of the Laud Settlement Association w'as just under £1,000 ; today it might be twice 
as much. Becau.se of the difficulty of releasing labour and materials for the purpose the 
Ministry of Agriculture hesitate to remove the embargo on the extension of the County 
Council Smallholding scheme. Yet it must be borne in mind that the problem cannot be 
looked at solely as one of labour and materials. We are committed to a policy of a prosper- 
ous agriculture, and agriculture cannot be prosperous unless and until a large number of 
new houses arc elected for those employed in the industry. To subordinate the claims 
of the countryside unduly to those of the town is to injure agriculture and to postpone the 
realization of agricjultural prosperity. And houses erected in connection with a small- 
holding sciheme not only constitute an indispensable part of the scheme but rmtiibute 
towards the process of rehousing tlie countryside. A smallholding scheme is a housing 
scheme, just as mucli as a scheme to erect a row of cottages. When, therefore, the time 
comes for* proceeding Avitli rural housing, land settlement should not be deferred on the 
gT'ound that it defle(‘ts labour from a more urgent task, for, on the* (contrary, it will be con- 
tributing to the very purpose in view. 

The fundamental difficiiR-y really is that smallholdings arc not regarded as being (capable 
of yielding an economic rent on the outlay. Of the (capital expenditure incurred after 
the last ww on the smallholdings established for ex-servicemen a large proportion was 
written off when the holdings were transferred to the County Councils in 1926. That is a 
memory which lingers. B(t vv(Hm 1926 and 1939 the annual provision of new equi])ped 
holdings wa.s not large*, and many (bounty (-ouncils now obtain a sufficient rent from their 
(estates to c‘over expenditure and meet the interest on ca})ital, but that is not to say that the 
return is economic since some of tlix* original expenditure on the holdings established after 
19 IS was written, off. Probably the data, do not at present exist on which to form a definite 
opinion wh(‘t.hcr smallholdings can be established on an economic basis or not. Wo do not 
know what will be the level of agricultural ])rices. The cost of land and buildings may fall 
within a few years. It should, however, be emphasised that if, wilder the conditions 
prevailing j)ri or to 1939, the rents of smallholdings were not fully (ic.onomic, it does not 
n(*cessarily follow tliat th(\y could not be, under diffemit conditions. We had not reached 
finality in our id(;as as to how smallholding schemes could best be planned and it may be 
that there are wa vs and means by which the yield of holdings cum be raised and their capacity 
to provide an economic rectum increased. Tf it is acc5epted that smallholdings can be an 
important element in the* prosperity of agriculture as well as an important factor in social 
wcll-bcung, then careful study should be given to the best methods of establishing and 
administering them. In the process of doing so it might be found that, once prices have 
reached a more stable level, they are not necessarily so uneconomic as they are sometimes 
lield to be. Such a study will involve the consideration of the personal difficulties with which 
the smallholder is c^oiitrontc^d once he enters into occupation of his holding. These can 
roughly be summarised under four headings, viz., technical instruction and guidance ; 
working capital ; buying and selling ; mechanization. 

TecJmical iminiction and guidance : Under this heading there should be included the 
planning of the producjiion scheme. A smallholding presents a different problem from that 
of the moderate-sized or large farm. It should not be a large farm in miniature. The 
training a man receives as a worker on a farm does not necessarily equip him with the 
particular kind of knowledge he needs successfully to exploit a smallholding of whatever 
uat ure it may be. Tt gives him the background of knowledge and experience on which he 
cau build, but as a smallholder he will need a higher degree of technical knowledge and will 
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meet problems of management which are new to him. In the first place, therefore, holdings 
should be carefully planned for a specific kind of production. This is most important if 
the high standard of production is to be achieved which alone can yield a satisfactory 
livelihood to the smallholder. In the second place the smallholder should be able to call 
upon expert advice on both the technical and managerial aspects of his enterprise. On the 
estates of the Land Settlement Association staff were appointed to' train and guide the 
inexperienced townsmen who were the first settlers. It was then believed that, after a 
period, the services of the technical advisers would be able to be withdrawn and that such 
advice and help as could be obtained from the (county Agricultural Organiser and his 
staff would meet the needs of the smallholders. Experience has shown this anticipation 
to have been incorrect. In re(;ent years several hundred (countrymen — including a majority 
of agricultural workers — have been admitted as tenants, yet the need for the services of 
tochniccal advisers resident on the estates has not diminished. It is true that the (experience 
of the farm hand would not be expected to give him the knowledge he needs succ(essfully 
to manager a holding based, as are those of tlu^ Association, on horti(mlture, y)igs and poultry, 
but this is true of other types of holding as well. The agricultural worker has not 
re(‘eivo(l the education and training which would (mable him to keep constantly abreast 
of new knowledge, nor ind('cd has he tlie lime. H(c (cannot deal unai(l(c(i with the froqu(*nt 
te(chnical j)r()blems that arise on ev(^ry type of holding. His first and principal need, 
therefon*, is for skilled advice, rcadilj' available. 

Working capital : Lack of suffi(*icnt capital is one of tlu' most frequent caus(‘H of failure 
of the small producer.' It is the lack of it whi(ch prevents many an able agricultural work(T 
froiu 1 ‘euhsing his ambition of obtaining a holding of his o\j’n. It is insufficiemy of capital 
that. j)r(‘vcnts a man from equipping and stocking his holding adequately and that makes 
it diffi(*nlt for him to tide over periods of difficulty and adverse (‘onditions. On the other 
hand, it has been impossible in the [)ast for a man earning tluc wet^kly wage of an agricultural 
worker to sav(‘ a sum large (uiough to finan(*e a full-time holding until ho is past the age of 
full \igour. During the war many agricultural workers have saved money and their 
friends and relations have done well, perhaf)s in other occupations. The result is that t here 
are to-day many applicants for smallholdings from among agricultural workers who can 
lay their hands on the capital tiny need. Nevertheless there are still many who cannot 
do so. Of th(' new tenants admitted by the l^and Settlement Association during the* war 
approxiately 68 per (cent, have taken advantage of the loai/ sclienu* wiii(ch has been 
arranged w ith Barc lays Bank. Many ex(cellent men wdth every qualification for success do 
not possess, and (*annot find, more than a sixth or so of the sum required fully to finance a 
holding. Under the Assocciation’s scheme the Bank undertakes to advances, without guarantee, 
up to 50 per cent, of the amount required. This amount is secured as a floating charge on 
the tenant’s stock and equipment. The further security they possess resides in the care 
taken in selection of tenants and in an undertaking by the Association that tbey w ill keep 
an eye on the tenant and, should the standard of his husbandry give cause for anxiety 
<luring the currency of the loan, that they w ill communicate with the Bank. Should a loan 
be requii-ed in excess of 50 per cent, of the total working capital the Association are enabled 
by the Carnegie United Kingdom Trustees to guarantee the Bank against loss in resjKcct 
of the balance. It is believed that an arrangement of this kind could be extended and that 
banks would not be unwilling to advance? loans on similar terms if, for instance, County 
Councils were prepared to undertake the responsibility of sui)ervising the holdings of 
b<OTowers during the currency of their loans. If this were, in fact, found to be practic^able 
little risk would fall on public funds and smallholders would be relieved from their depend- 
ence for credit on their suppliers, as is now generally the case. 

Buying and selling : Hitherto little attempt has been made to develop centralised buying 
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and selling among smallholders. Some do belong to co-operative societies which mainly 
concern themselves with the purchase of commodities and little with the selling of the 
settlers’ produce. The Milk Marketing Board provide the selling agency for small as well 
as large milk producers and as such have strengthened the position of many smallholders. 
But if a fresh approach is to be made to the smallholding problem — ^and it will not be possible 
indefinitely to hold dp the operation of the Smallholding Acts — a deliberate part of policy 
should be to develop co-operative buying and selling. The smallholder is heavily handi- 
capped at pi'esent. Since he buys relatively small quantities of feeding stuffs, fertilizers, 
seeds and so on he pays more for them than the man who buys in bulk and, what is equally 
important, he has less guarantee of obtaining good quality. On the selling side the handi- 
(*ap is even greater. His bargaining power is small ; the quantities he has to offer may not 
be such as greatly to interest buyers. Tf he is a market gardener he cannot guarantee a 
constant supply, which is what a selling agent requires. He thus tends always to ;;;ct a lower 
price than his larger neighbour. It may be that public authorities cannot themselves 
undertake to organise buying and selling on behalf of smallholders but they could promote the 
formation of (^o-operative societies ; they could provide information on co-operative 
methods ; they could in fact undertake educational work on the subject. 

Action of this kind has been taken on an extensive scale and with considerable success 
in the United States as part of the campaign to improve the economic position of the small 
farmer, and there is no reason why it should not be done here. The example set by the 
East Sussex W.A.E.C. in appointing supervisors specially to advise small farmers and to 
promote co-operation might also with advantage be widely followed' 

The development of organised selling would perhaps do more than anything els(‘ to 
strengthen the economic position, at least of certain types of smallholders. 

Mechanization : For many smallholders the problem of getting heavy cultivations done 
at the right time is a serious one. They may not be able to afford to buy the implements 
required and, if they do, depreciation is heavy in relation to the volume of production for 
which the implements are used. If they roly on contractors, as they frequently must, they 
are at a disadvantage, since their custom is of less value than that of the larger farmer and 
they are less likely to get the service they require at the time. they need it. Here 
the solution may lie principally in the direction of the production of implements 
specially suitable for the small farm and in a greater standardization of those implements. 
The multiplicity of types, none very different, from the other, develops faddiness in the 
buyer and so (creates a vicious circle. The buyers have preferences that may not be so 
important as they think and the manufacturers attempt to meet this varied demand. 
This inevitably n^sults in higher costs. An educational campaign on the subject, together 
with a drive by the manufact urers to achieve greater standardization, might benefit both 
the small farmer by a rcjduction in the cost of production and the manufacturers by an 
increase in sales. Possibly, too, the development of co-operative habits would help to ease 
the position. In America the co-operative purchase and use of implements has been 
considerably encouraged . 

So far little mention has been made of management })roblems, but this is a side of his 
work in regard to which the small man might get considerable help from expert advisers. 
Here again the experiment made by East Sussex is significant, and the experience of the 
Land SetUement Association also indicates how much the agricultural wage earner, who 
becomes a smallholder, can Ixmef it by tulvic^e on the planning of his work ; on finance and 
the keeping of simple accounts. It is not easy for a man accustomed to living on the basis 
of a weekly wage to adapt himself quickly to a totally different economy. Few men who 
become smallholders have much knowledge of account keeping, but a simple form of 
a(icountancy can be easily devised and can be an important factor in enabling the small 
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man to frame his budget, determiuo his financial position and base his plans on reliable 
data. 

The policy adopted in regard to smallholdings in the past has largely been to leave men 
to sink or swim. They have been selected, often w^ith considerable* care ; the authority 
concerned has satisfied itself that they had some capital, but after they have taken 
up their holdings they have often been left largely to themselves to manage as best they can. 
There is much to be said for self-help and self-reliance, but such a policy is not likely t-o 
result in a high standard of techni(5al efficiency, progressive methods or a satisfactory 
standard of life for the smallholder. In Denmark, in Holland, in Belgium, tlie small 
man finds support from various forms of co-oi)erativ(‘ organization. He obtains technical 
advice, financial advice and help in buying and selling. Those services have* been little 
develo|)ed here. Until an attempt has been made to dt^veloj) them we (jannot say either 
that smallholdings nec(\ssarily involve a low standard of husbandry or that they are un- 
economic. If for the reasons outliTied above a new smallholding policy is undertaken 
as part of both social and agricultural policy, it is essential that the smallholders should have 
the services they need if they are to play their part in iJroduction and to eain a living 
which is compatible with modern standards. 

(b) Part-ihne holdings : 

The problem of the part-tinu* liolding is rather one of land use than of land settlement. 
It concerns both the countryman and the townsman. A large j)rop()rtion of the (kmnty 
Council Smallholdings are part-time holdings and when the time corners to r(*-open the 
County Council scheme* (;onsid(n‘ation will have to be given to the pur[)os(‘ which part-time 
holdings in country districts — oth(*r than allotments — should be designed to meet, if greater 
facilities are provided for the agricultural worker to obtain a full-time holding. 

But the more difficult and larger [)roblem is that of the townsinaii. There can be 
little doubt that, as a result of changing economic industrial and social conditions laud will 
be required in the future for townsmen to cultivate far more extensively than in the past. 
The qm^st.ion is not merely one of allotments. There is a demand also for larger plots ranging 
in size up to half an acre. Many thousands of such larger plots have been ])i’ovided by the 
County Councils of Durham, Monmouthshire and Glamorgan and by the Land Settlemei^t 
Association in the northern and midland counties. During the two German wars great 
encouragement w^as given to the allotment movement, to backyard poultry keepers and 
small pig keepers, and the restrictions that prevailed in peace-time on the kee])ing of small 
stock in towns were relaxed. But when normal conditions i(*turn and Ihe urgent need for 
the home prodiuition of food no longer exists the interest of public bodies tends to flag and 
the demand of the townsman for land to cultivate tends to be subordinated to other ])urposes 
for which land is required by urban authorities. 

The difficTdties in the way of meeting the needs of townsmen are great. Land in the 
neighbourhood of any town is expensive. Most urban authorities are now fi aniing planning 
schemes which will involve heavy commitments. No decision has yet been made by -the 
Government on the subject of compensation and betterment which w as examin(*,d and 
reported on by the Dthwatt Committee. Prejudice against allotments also exists, not 
altogether without justification. On the other hand, those interested in the Allotment 
movement feel that their claims are not being given the consideration due to them. In 
many areas land is provided for the purpose only on a temporary basis. There is no security 
of tenure and immediately land is required for building or other objects the allotment 
holders are displaced. 

Before the war the number of allotments in the country generally w’^as diminishing, 
not because the demand was falling off — it‘W^as continuously in excess of the supply — ^ 
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but because the land was being taken for housing or roads or other public uses. A new 
outlook on the whole subject is required. The issue concerns a number of different Govern- 
ment Departments. In the plans that have been made for a progressive poliey in education 
stress is being laid on the need to use practical activities more extensively as a medium of 
fostering powers which cannot be cultivated by book knowledge alone. Most children 
respond at a certain age to the appeal of gardening and of looking after animals at least 
sufficiently for a realization to germinate in their minds of the relationship between the 
earth and the food they need and many find thr.ough it interests which affect their whole 
subsequent life. If the children in our towns are fully to experience this form of education 
there must be space for gardens adjoining or near to the schools. The problem thus concerns 
the Ministry of Education. It concerns also the Ministry of Health. Befoi*e the war it was 
discovered that a disturbingly large number of the people of this country were ill -nourished 
and, naturally enougli, it was among the lower paid sections tliat the diet w^as found most 
often to be deficient. Some measures have already been taken to overcome this evil, but 
there is still necnl to increase^ the consumption of, for instance, fresh vegetables, fruit and 
eggs — articles of diet which can be home produced where vc^r land is available. One way, 
therefore, of improving the nutritional standard of the population is to see that all who w^ant 
a plot of land to cultivate can get it. 

The diffi(ailties in the way of the practical realization of a plan to provide townsmen 
with land to cultivate are not insuperable if once the importance of it were recognised. That 
rectignition still tarries and a lead is required from the departments on whom responsibility 
rests for defining policy. 

Local authorities, confronted as they will be with new and absorbing problems of 
reconstruction, are unlikely to become fully conscious of the important part land can play 
in the future lif(^ of the towns unless their attention is drawn to it by the central organs 
of government. What is needed is that the departments concerned — the Ministries of 
Agriculture ; Education ; Health and Town and Country Planning — should jointly agree 
on a policy and make their views known to local aiithorities. 

Conclusion. ' 

There can be little doubt that with the end of the war we are entering upon a new’^ era 
in wliich great social and economic changes will be occurring. It is not within our power to 
pnvent them ; but it is within our power to observe and determine the main trends of change 
and to adapt our social and ec^onomic policies in such a W'ay as to advance the principles on 
which our social life is built and for which we have fought. 

We have nailed our flag to the mast of democracy. If that means anything it means 
that national policy must be based on respect for the individual ; that all policy should be 
so directed as to favour the growth of the individual to his full stature. This involves a 
njutual relationship between the individual and the community. The individual cannot 
grow outside the (community : ho must, therefore, accept in an increasing measure re- 
s[)Of\sibility for framing policy and for directing administration. This implies that he must 
develop th(' <?apacity and the readiness to co-operate. 

Applying thc^se principles to the problem of land settlement the decision that has to be 
made, is w hef her they in(Ji(*.ate that it is in the interests of society that opportunity to realise 
their ambition should continuously be provided for those who, starting life as wage-earners, 
desire to become independent j)rodiicers. If the answer is “ yes the next step is to 
detormirui how this objecit can be attained on an economic basis. We cannot escape 
from compt^tition. W^e cannot afford a land settlement scheme which does not provide 
for the art of food production to be performed on the basis of the highest possible technical 
skill and for the produce to be sold by t^ie moat intelligent methods. A land settlement 
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scheme, too, needs to be integrated with food production policy generally and to be planned 
in relation to a general scheme for Raising the technical efficiency and standard of life of the 
small producer. This means in one word the encouragement of co-operative methods. 
Such encouragement cannot be left to chance. If wc arc to educate producers in co- 
operative methods we should set about it systematically. Here is a function which the 
county agricultural authorities, which replace the War Agricultural Committees, should be 
well suited to perform. If smallholding schemes are in the future to be j)lann.ed on the basis 
of co-operation the county authorities must employ staff whose main duty it would be to 
advise on co-oi)erative methods and the fuixctioixs of that staff would be extended to cover 
all small producers in their areas and not only the county council smallholders. 

The function they would perform would not only be an economic one. It would also 
be a so(;ial one. The smallholder or small farmer leads an isolated life and is apt to 
concentrate his mind and his interests on his owm affairs to the exclusion of his resj)onsibilities 
as a citizen. If we are to improve our system of local government in the counties we must 
cultivate the feeling that individuals have a function to perform in society and a responsi- 
bility for the affairs of the community. By developing (‘o-operation the small man can be led 
to tak(^ part in the work of a group and so brought to feel the importance of the part he can 
play in its work, (^o-operation performs, in fact, an educational funcition which can help to 
foster a more alert social consciousiu'ss and greater j)articipation by the individual in public 
affairs. In. the organization of land settlement on (5o-operative lines lies the germ of a 
process w hich could have a wide educational inflinmce both on agricultural development 
and on the social and political a wareness of those who live in the countryside. 

In discussing land settlement it has been c.ontended that the term should be taken to 
include land used by townsmen. Thesre is nothing new in this. What would be new 
would be a definite policy for promoting land-use by townsmen. Already the Ministry 
of Agriculture and Fisheries is the government department charged with the supervision 
and the administration of the Acts relating to allotments. It is, therefore, already open to 
them to formulate a ])oli<*y. Now^ is the time for it, when the future planning of our towns 
is being studied and the effect of industrial and social change can be related to the future 
probable needs of urban populations. 

Neither land settlement for the countr>Tnen nor land- use for the townsmen })resents 
problems of such political or ectoriomic magnitude as to loom large in public discussions 
to-da3^ They are consequently both liable to be pushed into the background as matters 
of secondary concern. Both, however, represent issues of great and primary social 
importance. 

We have long formed the habit of determining policies in the light of industrial, com- 
mercial and financial considerations. When excessive con(^entration on those issues has 
resulted in grave social evils and injustices we have been forced to adopt im^asures, often 
at vast expense, to remedy them. It is time w^e learnt our lesson and studied our plans 
for post-war reconstruction in the light primarily of human needs ™ the need, that is to say, 
for full personal development. This in no way excludes the possibility of planning on sound 
economic foundations. The two are interrelated and inseparable. 

If the problem of land settlement constitutes only a relatively small item in national 
policy it nevertheless raises a principle which is fundamental in social development — are we 
or are we not to help the small man to realise and to maintain his independence 1 The 
answ^er we give to this question may be of great moment to the contentment of the country- 
side ; to the welfare of the industry of agriculture ; and to the evolution of a more sane 
iind spacious way of life for the townsman. 

A. C. RICHMOND. 

bAND Sk7?tlement Association, Ltd., 

43, Cbomweu. Roai>, London, SAV,7. 



]26 


Report of the Committee on Farm> Buildings. 


REPORT OF THE COMMITTEE ON FARM 

BUILDINGS 

In November J942 the Minister of Agriculture appointed a Committee to “ consider and 
make recommendations regarding the layout, design and construction of farm buildings* 
after the war/’ The ap])ointed Committee included 2 Architects, 2 Land Agents, 3 Farmers, 
2 Lanciowners and 1 Veterinary Surgeon, under the chairmanship first of Mr. Tristram 
Haw ard, Commissioner to the Duke of Northumberland, and subsequently of Sir Frank 
Engledow, Drapt^'s Professor of Agriculture at Cambridge. The Report has now been 
issued. As might be expected, in view of the fact that all interests were fully represented 
on the Committee, the report deals in a most comprehensive manner with all aspects of 
the problem. The report is voluminous and from many points of view deals with the 
matter in the greatest detail ; it is not possible therefore, nor is it desirable, for this 
review^ to be in any manner a synopsis. It appears to the writer that his main objective 
should be to draw attention to matters of particular importance, and to leave it to l..and- 
owners, Land Agents and others who may be faced with the problem of re-equipping their 
farms, to refer to the report for any detailed information which they require. 

It may well be that to some the report is disappointing, as there is little in it that is new 
and indeed there arc some points which can be criticised ; no doubt others would describe 
the report as unimaginative. The fact remains, however, that, by contrast with buildings 
required for industrial purposes, little if any research has been, or is being, carried out in 
respect of agricultural buildings and, apart from a certain amount of work in connection 
with cowsheds, the Committee were of necessity bound to consider the whole problem 
ah initio. 

It must be agreed that the task confronting the (Committee w^as— although essentially 
intei’esting — tin unenviable one, and it should be said that the report is a compendium upon 
all matters relating to the best current practice and is therefore the best possible foundation 
upon wdii(?h to plan future investigational and research work. One of the main difficulties 
of the committee’s task arises from the fact that the majority of our farm buildings were 
erected in a more leisurely age, when time and the economy of labour were of but little 
a(*count. On the other hand, building casts were, generally speaking, relatively low and 
th(' very fact of the intrinsic; permanence of many buildings makes them most expensive and 
ilifficult to reconstruc't. Further, agriculture has been, for the last decade passing into a 
period of change similar to that through wLi(?h imlustry passed 100 years ago, and the Com- 
mittee has naturally found it necessary to point out the difficulty of foreseeing the effect of 
future changes in techniciue and jmictice upon the functions of the homestead. Again, 
tliere appears to b(* lit tle if any accurate know'ledge concerning the housing of livestock or 
about the factors w hich affect comfort and health. On this anil other matters which require 
rescai'ch the Committ-(;e has made ccTtain recommendations which it is hoped will result 
in a full rang(' of critical experimental work being started in the near future. 

The Committee, having realised the necessity of placing at the disposal of the industry 
thi; best technical advice available, makes a strong recommendation that farm buildings 
should come within the general scope of the National Advisory Service, and that a special 
branch should be set up to deal with this subject. They set out in considerable detail their 
vii'ws as to the manner in whii h this could best be achieved (paras. 82 to 92 inclusive). 

The ])roblems confronting the owners of agricultural property will require to be dealt 
with in two stages -firstly the immediate post-war period when the accumulated aorears of 



Report of the Committee on Farm Buildings, 


127 


ordinary maintenance will need to be made good and secondly the subsequent period when 
decisions wdl have to be made on questions of policy. It is in this latter period that the 
question will often arise whether to reconstruct and alter existing buildings or whether to 
“ scraj) the lot ” and rebuild completely. 

The report deals at some length with suggestions as to the lines upon which alterations 
and reconstruction may be carried out, but their recommendations are necessarily of limited 
application owing to the extraordinary diversity of the existing buildings and the great lack 
of uniformity of building practice throughout the countryside. 

Upon one point, a matter of essential importance, the writer is bound to offer criticism 
— the matter of cost and general economics. Paragrai)h 12 states “ the problem of finance 
is outside our terms of reference ; no doubt special instructions were obtained on this 
[)oint, but on a matter of such prime importance it seems a curious omission ; further since, 
on the matter of cost, the report is silent, questions may well be asked as to the extent to 
w4ii(4i costs were considered. 

It is a matter of common knowledge amongst those dealing with the land that, as 
suggested in tin* report (para. 12) “ Capital already invested in permanent farm e(|uipment 
by a succession of owners bears little relation to the value of the holding, so that frequently 
the rep]a(‘(‘ment value of the buildings exceeds the value in the open market of the land and 
J)uildings together.’’ A point upon wliich all parties agree, whatever may be their position 
or tlujir political convictions, is that if British agriculture is to survive the cost of its j)roducts 
must b(‘ rediKicd to the lowest reasonable level. There are two line\s of approach to this 
problem, first by increasing the output per man and per acre, second by decreasing the cost 
per ton or per gallon of the products. An important item in the cost of production of any 
article is that represented by overhead charges, which include rent and interest on sunk 
<;apital. Beference to the reports of various Advisory Economists and others indicates 
that, while averaging j^robably 12% of the total cost of production, the figure represented 
by Overheads may be as high as 20% — clearly a heavy item when it is remembt'red that our 
})roducts will sooner or later have to compete with those produced overseas under con- 
ditions that perhaps involve capital expenditure at an appreciably lower level. This matter 
s(*ems to be of such primary importance that it seems desirable to examine in some detail 
the cost of the specimen layout recommended for a mixed farm of 250 acres ((’hap. 7. [)ara. 
121). The farm for wdiich the layout has been drawn up is a mixed farm with 20-25 cows in 
milk, implying total accommodation for fifty or sixty head of stock. The cattle and their 
followers are to be kept in covered yards with a milking shed neai‘]>y—a system of milk 
])roduction which is recommended by many as being the most economical yet evolved. Tlie 
buildings include a dairy, a milking shed and a fodder store with a granary. The a(‘commo- 
dation for stock includes a range of 6 loose boxes, a bull box, a calf hous(% stabling for 2 
liorses and a loose box and 3 isolation boxes for sick animals. Other buildings comprise 
(jart and implement sheds, a workshop, garage, staff mess room and office, together with a 
Ibbay Dutch Barn, An estimated cost of the layout amounts to about £11,000, and it must 
be pointed out that this figure does not cover the farmhouse, cottages, off-lying buildings, 
water supply or electrical installations. It is doubtful whether the cost of theses latter items 
would be less than £4,500 implying a total expenditure of £15,500 for a farm of 250 acres, 
excluding the value of the bare land. It would not be unreasonable to suggest that ihe value 
of the land, without equipment of any description would be of the order of £10 per acre, 
which means that a total of £18,000 would be required to purchase and equip a farm of 
250 acres, i.e., £72 per acre. To many this may not seem a very high figure compared with 
the high prices at w^hich farms have changed hands during the last year or tw^o, but it must 
be pointed out that with interest and maintenance charges at 5%, the rental value would 
be £3 128. Od. per acre, and tliis upon a farm with land of ordinary^ quality valued in the 
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first instance at only £10 per acre. The report points out (para. 12) that facilities for cheap 
long-term finance are accorded to agriculture under the Agriculture (Miscellaneous Pro- 
visions) Act 1944. But even at the rate of 3^% authorised in Section 2 and making no pro- 
vision for maintenance, the rent would be as much as 50/- per acre. It is seen that, if the 
foregoing figures are correct, capital money must be available at a rate of interest not ex- 
ceeding 2|% ; even at that low figure the interest on capital would amount to as much as 
36/- per acre. It follows that either the farm buildings of the future Vill have to be con- 
structed on the cheapest possible system, with materials of really low cost, or that capital 
must be made available to the industry at an extremely low rate of interest. The tax 
relief granted under Section 33 of the 1945 Finance Act is indeed bound to be of the very 
greatest assistance to the industry, and is to be welcomed by all. The ability to recover 
tax upon the capital cost of farmliouses, cottages and buildings over a ])eriod jf 10 years 
should certainly encourage many landowners, more especially the owners of large estates, 
to expend money on their properties ; but, as the Committee is at some pains to point out, 
it is unlikely that there will be many farms requiring a complete new set of farm buildings ; 
such replacement would be uneconomic and impracticable. The problem will rather be 
one of steady replacement of out- worn or entirely unsuitable buildings, and the adaptation 
of others to satisfy modern requirements. 

When the economics of the industry are being considered, it is clear that the capital 
invested may be conv(uiiently dividend into two parts — ^the (‘apital sunk in land and its 
permanent eepupment, and the floating (capital invested in crops, stock and movable 
equipment. The essential difference be'tw'een these two types of capital is that, whei eas the 
former is realisable only on the sale of the land itself— and realisation of a [)art involves 
tlie realisation of the whole — the liquidation of the floating capital does not necessarily 
involv(‘ the sale of the land, and any separate part may be cashed as an individual item. 
It can be probably said of capital that, within reasonable limits and for any given sum, the 
less that is sunk and the more that is investe<l in floating assets the greater is likely to be the 
effi(;ieney of the enterprise. This j)articular j>oint, which is acknowledged to be debatable, 
naturally affects the wliole outlook upon permanent farm buildings^ A further point arises 
also in eoiineetion witji livestock and grassland research. During the past 20 3^ea is great 
changes have taken place in stock farming, and it is necessary only to mention the intro- 
duction of the Milking Bail, and of the folding units now in use in the pig and egg-prodiietion 
side of the industry, to say nothing of the a iews on horse keeping expressed in the report. 
It is impossible to estimate the extent to which these open-air systems will become general 
jiractice in another decade, but it must bo pointed out that these systems require the 


minimum of sunk capital. It must be remembered that in New Zealand, where the climate 
is on the whole comparable with ours, the money invested in permanent buildings is small, 
and w^ays and means of stock husbandry have been evolved (i.e., the rugging of cattle and 
horses) with winch the New Zealand farmers are entirely satisfied. It is believed that both 
health and production have improved under this ojien-air system. Further, as these Islands 
Jire blessed with a climate which, on the whole, is pre-eminently suited to growing grass, 
and as this crop is generally regarded as being the best and cheapest food for stock, it is 
reasonfiblc to suppose that the farmers of this country will turn their attention more and 
more to livestock products. As plant breeding and research in grassland management 
gain in impetus the production of herbage per acre will tend not only to rise in the summer 
but also to extend further into what is now regarded as the dormant period. If these 
assumptions are correct it follows that the chief point to which attention must be directed in 
the j)lanning of homesteads is provision for the consumption by stock of an increased and 
extended growth of herbage, both in its natural and conserved state, by grazing and by the 
consumption of hay, dried grass and silage, with provision for the storage of the conserved 
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In its api)roaeh to its problem the Committee has drawn up (para. 15) a most valuable 
set of “ Kulcs of (xood Planning of which the more important are r-- 

(а) Appropriate Cost. 

(б) Adaptability. 

(c) kStandardisation. 

(d) Economy of Maintenance. 

(c) (Convenience of Layout. 

(/) Insurance of Animal Health. 

ig) Appearance. 

(h) (\jmfort and economy of labour. 

These rules are as a whole s('1f-explanalory, although the importance of several of them is 
such that explicit (‘omment is necessary here. 

By the term ‘ appropriate cost ' the (Committee lays dowm the axiom that capital should 
only be invested where necessary, to maintain or raise the level of profitable production. 
Tins re(piirement leads logicially to the dictum that, as far as possible, buildings sho\jld be 
planned in such a way that; they may be ada])ted for many different uses. Man}^ Landlords 
will recall w^ith regret the (‘X[)ense to \vhi<*b they may have* been put in th(‘ past in erecting, 
at the express w'ish of a temant, a Ijuildiuu clesigned for some S])ecific purpose, equipped with 
the latest fittings w'hich, on a change ol tenancy, has be(‘om(' wholly redundant owing to a 
change* of farming practuH'. things are mon* disheartening to a Landlord who is ke^en 

on the proper maintenaruie of his estate. Then* is nothing w}u(^h militates more against 
good r(‘lationship l)etw(*en Landlord and Tenant than a change of policy on the part of the 
latt(*r which, in this parti(Hjlar manner, sterilis(*s an inv('stment of the former. The 
Comrnitl(‘(*, therefore, stresses the utmost imjiortance of designing buildings in such a way 
that by (‘hanges of internal fittings they can be adapted to a variety of purposes. 

Thi* re])ort deals at some length wdth the question of ada})tability (paras. 32-43) and 
shows how this requireimuit has been df^alt with in a limited degree on the continent and in 
North Amt'nca, by the ('rection of a single cornprehensivt* multi-purpose building ; in some 
cases with only one floor but more particularly in North America, with two or even three 
stori(*s. Tin* (Jommittee points out, however, that the climate is an inqxu-tant factor in the 
evolution of the latter type, and whilst not condemning it in its application to English 
agruailture, they point out that investigations into the use of this tv])e of building ov<*r here 
an* nt*cessary b(*fore any n*commendation can be made. 

There is obviously some diffieulty In arriving at any very definite. recoinin(*ndations 
for the rnanufat't ure of j)refabricated buildings, although, within the limits imposed by the 
])rohlem, tlu* Committee has made eertuin pro])OvSals. Thev suggest that- buildings 10 ft. 
in wddth are suitable for bousing almost any type of livestock, and that buildings (>f 35 ft. 
in width an* ^similarly suitabk? for almost all other ]>ur poses — granari(*s, fertilizt*r stores, 
implement- sheds and so forth. Tn both types of building the (k>mr»»ittee re(;ommends a 
standard height of 8 ft. to the wall plate and a standard lengtli of unit- — i.e. distance between 
roof trusses — of 12 ft. They believe that in most eases the recjuirements would be met by 
the* mass production of standard framed buildings of the following three s})ans: — lb ft., 
It., 35 ft. The method of prefabrication, and indeed the materials to be used, are clearly 
matters for further investigation. As is pointed out, the best exami)le of the prefabricated 
building in agricultural use today is the Dutch Barn, which on many farms has betut satis- 
laetorily incorporated into the general layout of the homestead. The steel -framed Dutch 
Barn is, in all probability, likely to be regarded by many as the most suitable foundation 
upon which to build, having in mind its eminent suitability for adaptation. The normal 
barn is built with the supporting members 15 ft. apart ; if these were erected at 12 ft. centres 
with floor plates at ground level the fixing of intermediate uprights for the supfiort of the 
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prefabricated reinforced concrete sla})8, windows, door jambs, etc. would be a simple matter, 
and possible for the ordinary farmer to carry out himself. Again, steel Is probably the 
best material of all for the fixing of brackets for the provision of internal fittings. 

Under the heading ‘ convenience of layout ’ the report draws attention (paras. 100-118) 
to the nec^l for the Planner to bear in mind that nearly all traffic on the farm begins, ends at, 
or passes through th(^ farmstead. This traffic may be conveniently divided into four main 
groups, as follows : — 

1 . The entry and exit of animals. 

2. The delivery and distribution of Feeding stuffs, fertilizers and other 
stores. 

3. The despatch of IVlilk. 

4. The collection and distribution of Farmyard Manure. 

The recommendations made in the report (paras. 100-1 IS) are most vab able and should 
be studied in detail by all interested, whether they regard their own layout as perfect or not. 
There is no need, nor is there space in this review, to i)articularise the recommendations ; 
sufficje it to say that tlie general conclusion reached by the Oommittee is that “ the farmstead 
should be laid out on the basis of a through main farm road from which a loop road should 
run, rejoining it on the other side of the farmstead. Stock buildings and yards would be 
groufied on the island enclosed by these roads.’’ 

MiKili has been said as to iho nec^essity for improving tlio livmg conditions of the agri- 
cultural worker, and it is generally agreed today that th(' main factor limiting an increase in 
production is the sliortage of skilled labour. I’he report stresses t he iK^ed for the realisation 
by the farming community that if the younger generation of farm workers ai*e to be per- 
suaded to stay on the land, it is essential that their working conditions should be improved 
so that t h(\y may be as nearly com})arable as ])ossible to those of the factory workers. They 
underline the need for such things as firm and dry communications betwecm the different 
parts of a farmstead, good lighting (both natural and artificial) easy loading hwels, the 
provision of a mess room and drying room, with adequate lavatory accommodation. 

By ' economy of labour ’ the Committee means the achievement of a higher output 
per man, and the report deals at some length with the possibilities of gaining this most 
essential end by thoughtfulness in the initial planning of a farmstead. However, on the 
raatt(*r of easy loading it app(^ars that the (^ommitt(^e has not laid sufficient emphasis on the 
need for level loading and unloading ; indeed the suggested design of both the granary and 
the fertilizer store may be critic ised from tliis point of view. Nothing is more annoying or 
time- wasting to a farmer than to find, in the middle of a busy day’s threshing, that he has 
to (mrtail his output in order to send a man to the granary to help unload. Tt seems strange 
that the (\)mmittee should still advocate the use of hoists which inevitably involve the 
employment of tw o or sometimes three men to w^ork them, when great saving of labour can 
be acc^orujdished by the use of appropriate loading ramps, either up or down in relation to 
the ground level, to both floors. Level loading and unloading is then possible on and off 
the vehicle by means of a sack barrow . By careful thought in the design of a building of 
this description it is quite }) 08 sible at no great expense, for heavy loads to be moved without 
once lifting by hand. Indeed tliis can be one of the most important aids to economy of labour 
which careful plaiming may aclueve. The ideal arrangement enables the threshed stock- 
feed grain and purchased cake and grain to be stored on the first floor, fed by gravity by a 
hopper to a mill on the ground floor, and blown either by the cyclone of a Hammer Mill, or 
by a se})arate cyclone, to the first floor once more for sacking off. The ground floor need not 
be more than Oft. 6 in. from floor to ceiling joist, and further the remainder of the space on 
the ground floor — apart from that taken by the Mill— -^an be conveniently used for the 
storage of such things as Binder Twine, Artificial Manures, small tools and implements. 



Report of the Committee on Farm Buildhvgs. 


131 


The main body of the report (from para.- 136 inwards) deals with recommendations in 
connection with specific buildings, and the following is an attempt to select items which 
appear to be of particular interest and importance. 

THE BARN (paras. 136-153). 

Somewhat naturally the first building to be considered is the Granary or main storage 
building, and the subject is dealt with at some length. It may probably be said that on 
practically any farm in any district, and whatever may be the system of farming involved, 
storage ac(;omrnodation will be required, and it follows tliat the need for adaptability is 
probably less in the case of the Barn than in that of any other building. The main points 
to be aimed at are that the building should be sufficiently substantial to keep stores dry and 
in good condition and that it be well ventilated and vermin {)roof. It should also be strong 
enough to withstand the stre^sses and strains of [)ower-driven machinery on both the ground 
and the first floors. 

In addition to the criticism mentioned above under the heading ‘ ec^onomy of labour ’ 
the writer feels it necessary to [joint out that the bins required for storage of home-grown 
feeding-stuffs could be improved upon. Those recommended by the (bmmittt^e are of the 
ordinary ty[)e, well known to farmers, with vertical removable side boards. This tyjje 
necessitates all but the driest grain in dry weather conditions being periodically turned in 
order to avoid mould, a [jrocedure that involves unnecessary labour. An arrangement 
which from nearly ('very point of view is [jreferable entails the side boards being fitted at 
an angle of 45° to the horizontal in reversed louvre fashion. This tyjx' of bin has two 
advantages, firstly it enables the grain at the bottom of the bin to be used first, by the 
simple removal of the bottom board, and further it enables the grain to retain its condition 
longer by allowing frc'e ventilation. 

ACCOMMODATION FOR MILKING COWS (paras. 1 54-284). 

This sec^tion will be to many the most irnijortant part of the wliole report and, somewhat 
naturally, the (brnrnittee has given the very fullest consideration to this matter. There are, 
of ntM'essit}^^, difficulties in the way of any clear and decisive recommc'ndations in view of the 
changes which are taking place, and wdiich are likely to take place in the future, in systems 
of cow- keeping. The three main systems in use today are s[)e(*ified as follows • 

1 . Ihe cow house system in which the cows are housed and milked in t he same building. 

2. The milking house system in which the cows are houst'd in covered or partly 
covered yards or other available buildings, but are milked in batches in a special 
milking house adjoining the dairy^. 

3. The o[)en air system in which no housing is provided, the cows living in the ofjcn, 
being milked by machine in a movable bail. 

Each system quite obviously has its own advocates but, as the Committee points out, 
owing to the great variation in both soil and climatt' a system suitable for one particular 
farm need not be as suitable for another. 

The cowhouse has the drawback that it is a s[)ecialised single-jjurpose building. The 
degree to which this criticism can be overcome depends very largely on the extent to wliich 
the building trade can manufacture a building in which the internal fittings can ho erected 
or removed without great expense. The siting of the cowshed will be clearl3^ governed by 
the general layout of the farm buildings. It is necessary to consider easy apfjroach to the 
roadway and to pastures, and convenient access to the dairy and food stores. lm]>ortant 
features of cowhouse planning are wide, clean and dry approaches for the cows and a free 
passage for the milk, well removed from all source of cont amination. For the safety and 
comfort of the cows it is desirable that there should be sufficient floor space to allow free 
movement in to and out of the building, and to permit the cows to be milked and to rest in 
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comfort. The minimum aUowance of 50 sq. ft. of floor area per cow is recommended as 
necessary to ensure comfortable conditions for both cow^s and staff. Presh air and good 
ventilation are essential, a condition which it is possible to achieve only by ensuring a 
continuous circulation and renewal of air in the cowshed by providing foul outlets in the 
roof and fresh air inlets at lower lev(ds. 

Lighting is of i)rimary importance fiarticularly at the Jiiiid quarters of the cows and, as 
the Committee point out, roof lighting is more effective and economical than wall lighting — 
a point which many agricultural arcliitects seem to forget. 

Sliding doors are, generally speaking, more servicable tliaii those hung on hinges because 
sooner or later the latter will suffer damage by the wind or from an excited animal. 

On the subject of ventilation the Committee remarks tliat research is needed before 
definite recommendations can be made as to the best methods. They make it ck'ar, however, 
tJuit the roof is the })oint at wdiich [)rovision should be made for outlet ventilation, provided 
that the ridge is not too high, and that provision should be made for an inlet of fresli air at 
a level b(dow that of the cows’ heads. On the matter of ventilation it may be said that 
controllable air mov(*ment is of gn^atcr im})ortajice than mere air spac^e, and it is satisfactory 
to note that this facjt is appreciated in th(i current IMilk Dairies Order. 

As to lighting the Committee rec^ornmends that at least three square h^et of roof light ]>er 
cow is necessary witli a single range house, and rather more in a double range house. If wall 
lighting is provided it recommends the minimum of four scjuare feet. Artificial light should 
be providtid wherever the scnwices exist, and thougli th(‘ report does not mention the 
desirability of the lighting j)oints being low dowm, the writer has found that lights of the ship’s 
bulkhead type, fixed 2 ft. b in. from the ground, are ])referable to any other type. 

As a rough guid(‘ to water reijuirements, a useful figure to be recommended is that a 
daily supply of about 30 gallons per cow is desirable to enable all needs to be met. 

It seems desirable to mention a [)oint of possible improvement to the dcNsign of the 
cowshed. A <lifficulty frecpicTitly ex})eri(»nced is that tjows will insist on staiiding with their 
land legs in the dung channel, a fact which makes them unnecessarily difficult to clean. 
This difficulty can, to a considej'abh' extent, be overcome by so forming the chaiimi that 
the (idge nearest the (^ows has a slope of 45° to the vertical ; this gives the cow^s a feeling 
of insecurity anrl ensures that they stand on the standing provided. 

The Committee stresses the need for the preservation of the liquid manure for subsequent 
use on the land. Provision should be made for easy handling of tlu* manure daily, and by 
carefid planning it is possible to economise labour by arranging either overhead carriers or, 
where the wddth of the gangw ay allows, the use of a small dung cart. 

As for t}u‘ naiommendation of cowsheds as a whole, there is nothing new or out of line 
with the practi(*c of the day. The report however emphasises the fundamental points to 
which tll(^ CVmimittee feels it essential to draw attention. 

On the mdking house system the f^ornmittee’s observations are fully elaborated, and all 
those interested should read the paragraphs relating to this and the other systems of cow 
keeping. The chhd' advantage atta(;]ung to this system is that specialiseil buildings are 
reduced to a mininnim and the building costs arc lower compared with those of the cow 
house system. Among otlier advantages elaime<l are that the cows are better in health, 
that milk of higher quality can be produec^d with less labour and trouble, that labour is 
saved by cutting out the daily cleansing of a large eow house, and that manurial losses are 
greatly reducjed. Against these advantages must be set the alleged disadvantages wliich 
resolve themselves into the following points, viz., the difficulty of isolation for disease control, 
the danger of bull.ying by “ master ” cow's, and the difficulty of controlling individual 
rations. The planning of new buildings for milk production under this system, or, by the 
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alteration of existing buildings, needs very careful attention in order to make the most of 
the system and avoid ‘ traffic blocks.’ 

The Committee recommends that not more than ten to fifteen cows should be yarded 
together, and suggests that an area of 100 sq. ft. per cow is desirable for the smaller and 
about 150 sq, ft. for the larger breeds. Tliey emphasise the need for really careful attention 
to the heeding of the concentrates, particularly in the case of the heavy -yielding cow. As 
a guides they suggest that the average cow^ will take two minutes to consume one pound of 
concentrates, and it is necessary, in order to maintain milk yields, that this fact be fully 
appreciated. So far as the bulky portion of the ration is concerned, this is generally fed in 
the fields or in the j'ards housing the (*>ows. Under this system it is sometimes diffic ult to 
ration this part of the animaFs diet, although in practice it is generally rc^commended that 
animals be grouped in yards a(‘Cording to their yields. It is thus possible to ensure that the 
hulk ration of each group is adequate. If, again, the design of the yard follows th(‘ general 
layout of the Scjottish ' cciurt ’ with a feeding passage along two or three* sides raised 
above the g(*neral floor level of the yard, bulky food may also be rationed by tying the* animals 
at feeding tinu* w'ith a simple form of yoke. 

Th(‘ most useful and perhaps the most e(;(»nomi(;al variation of this nudhod is that which 
involves a marriages ” between the milking-house system and the open-air system. 
During the five or six months of summer the cows an* milked in the fields in a movable 
bail of standard type and the bail is then moved to a j)re-arranged concrete standing 
f)lanned at some convenient j)oint near to the yard wiiioh will become the cow's’ winter 
(quarters. During these wint(?r months the system is to all intents and purpos(*s similar to 
that already described as the milking shed system. It is, however, thought desirabki that, 
when Ibis or tlu^ jmrely opm air system is employed, some part of the buildings should bo 
e(|ui[)pod as a ]>ermanent dairy, becuiuse, generally sf awaking, the milk-cooling and sterilising 
section of the movable bail is not in every way satisfactory. This marriage of the two 
systems has the additional advantages : — 

1 . That a minimum of capital is sunk in specialised buildings and that the* bail as such, 
being the tenant’s pro})ert y, c^an be cashed at any time if the farming plans should 
involve a de})arture from milk production. 

2. That it (combines the merits of both systems, ensuring a minimum loss of ma-nurial 
value and recpiires the minimum of labour. 

3. I’hai it enables the farmer to make use of a breed which wxiuld not be suitable for 
whole-time open-air dairying. Furthermore it enables a tenant of land unsuitable 
for op(*n-air dairying in the winter mouths to make use of the system during the 
period of tlie year when c'onditions are suitable. 

The open-air system is fully dealt with in all its aspects in a publication of the Agri- 
cultural Econon)ics Research Institute, Oxford (Open air Dairy Farming — by R. N. Dixey), 
and the Committee has not thought it necessary to consider this at any length. They under- 
line the deteimining factor, namely, the provision of an adequatti field watiT supply. I’hey 
emphasise, too, that in general the system is suitable in districts of A mild climates with low 
or medium rainfall and with light and wed-drained soils. Under these (‘onditions the 
system leads to economy of labour and it solves entirely the problem of manure disposal. 

On the matter of accommodation for calves the Committee necessarily points out that 
the desirable type of building will depend upon the system adopted. They state it to be 
generally considered that calves should be kept, in separate single pens until they are three 
months old, and then in groups of three to six for the next two or three months. In view 
of the inefeasing importance of all -the-yeaf -round milk production, involving a high 
proportion of autumn calvers, the Committee points out that, for large and medium herds 
rearing as many as possible of their own replacements, special building provision should be 
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made and that, for small herds, loose boxes properly fitted and equipped will be adequate. 
They mention a most interesting system followed in New Zealand whereby calves are kept 
in age groups except at feeding time, when they are separated. By this means the habit 
of navel-sucking is entirely avoided. They suggest that the possibilitk^s of this system of 
managemciiit should receive full technical investigation. Buildings forming the calf-rearing 
unit are very fully discussed in the report. On one particular point it seems desirable to 
offer criticism : the Committee suggests the desirability of fitting automatic drinking bowls 
for the use of calvt^s. Many farmers will, no doubt, criticise this recommendation in view 
of the desirability of rationing the calves’ consumption of cold water. Secondly, and 
probably a minor point, is that, so far as the writer’s experien(;e goes, there are no drinking 
bowls on the market which a (;alf is able to operate, since the spring used to retain the 
valve in a shut-off position is almost invariably too strong to allow it to be worked by a calf. 

ACCOMMODATION FOR THE BULL, 

As the report most rightly states, the accommodation for the bull is very unsatisfactory 
on many farms — one might almost go so far as to say on most hxrms. Tt is undoubtedly 
be(!ause of the dark and crampc^d quarters in which so many bulls are housed that they get 
an early reputation for ill temper. The ideal arrangement for keeping a stock bull is a good- 
sized loose box with direct access to a small pachlock. Whei‘e this is not possible the bull 
should hav(^ at least a small (exercising yard adjoining his box, and the yard should have an 
open view in order to accustom the animal to the presence of human beings, and otlier 
animals. Further it is essential that the box and yard should hav^e a concrete floor to 
enable the bull’s f(*et to be kept in good order. Tt is imi)ortant, whatever system may be 
adopted, to arrange matters so that the bull may be fed and watered from outside the pen. 

STABLING FOR THE FARM HORSES. 

As to the gen(*rally accepted system whereby farm horses are kept in buildings 
sjxH'ifically designed for that })urpose the Committee is at som(‘ [)ains to point out tliat 
expcjrieiK^e has })roved that under certain conditions this system is by no means the best. 
They instance the case of a farmer “ whose wides|)read fame for successful farming is 
matched by his re])utation for judgment and allround ability with horses” who states that, 
in his expeikmce, no housing of any type is nec^essary, sinc(‘ all his liorses had lived out-of- 
doors for the last fifteen years. Let it be said at once, how^ever, that the report mentions 
neither the (‘lass of soil nor the kxmtion of the farm, and it must not, therefore, be inferred 
that this particiular system is likely to be suitable throughout the whole of these islands. 
On tlui other hand there is no doubt that a very great deal of money has, in the past, been 
wastefuliy sj>ent on housing this class oi farm stock in specialised buildings wdiich are, in 
general, difficult and expensive to adapt for any other pur|)ose. The two alternatives to 
complete outdoor stabling are (a) an ojien yard with shelter and (6) fully enclosed stabling. 
As to the former, those who follow this system are satisfied that the horses enjoy better 
health, and that there is a saving of labour in keej)ing them in this manner. In districts 
in which stabling is (essential, the report recommends that stables should be single-storey 
buildings with a ]ntched roof, i.e. without a loft. Apart from the obvious warning that 
the buildings should be of substantial construction, nothing new apjiears in the 
report. 

HOUSING OF PIGS. 

It will bt‘ well known that no class of farm stock has been more subject to the vicissitudes 
of fortune than the pig, and that in no branch of the industry has more money been lost. 
Rightly the Committee sound a note of warning against the equipping of a 250 acre mixed 
farm with any siw^cialised tyj)e of permanent building for pigs. They point out that on a 
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farm of this description the type of building most suitable is that which would normally 
be described as a tenant’s fixture, particularly as farrowing crates are now widely used. 
They emphasise, too, that where ample straw is available the fattening of pigs in well- 
sheltered yards has been found, in suitable localities, to give excellent results. This system 
ensures a saving both of labour and of manurial value. Very useful details are given of 
a simple farrowing hut which may be med an an alternative to the farrowing crate. 

The report deals at some length with a specialised building designed for indoor pig 
keeping, and the attention of those interested in this subject is directed to paras. 318 to 
334 inclusive. The report recommends that further technical investigation is required 
into this s])eeialiRed side of the industry. 

LOOSE BOXES (paras. 337 to 356). 

As the Committee points out, loose boxes “ serve so many purposes that they are one 
of the most useful buildings on the farm. They can be used for calving, foaling and far- 
rowing ; for the rearing of young stock, including pigs ; for the examination and treatment 
of all kinds of beasts needing attention ; and, when not rt^quired for stock, for storage, or 
('V(‘ii in place of a cliaff house.” This statement indicates the grt^at importance of loose 
boxes, and ther(‘ is little newl to say more as to their value. Comprehensive details are 
giv(‘n of recommended designs and types of const nu*tion. 


STOCK YARDS (paras. 357 to 384). 

The report deals in some dtitail with the subject of yards, dividing them into tln^ee 
typ('s (a) the open yard with minimum shelter, (6) the partially eovenul yard and (r.) the 
wholly covered yard. From every point of view it may b(‘ said that yards of one des- 
(ription or another are probably as useful as any kind of livestock accommodation. Jt 
must b(» pointed out, however, that tlie availability of a constant sup])ly of strawis essential. 
7'he f^omrnittef' makes the obvious j)oint that it is a characteristic of the British farm that 
the layout of main buildings is generally such as to give one or more sheltered eruhisures 
which, complehul by a fence, will constitute a useful yard. It is not essi^ntial for yards to 
b(' enclos(‘d by walls or by clad fcuicing on more than two sides, ])rovid(‘d only that these 
are the North and East. Ho far as the flooring material is cjoncerned, either hardcore or 
concrete is essential, though in the liter’s t^xperienc.e concrete is quit(i unnec'C'ssary in the 
<tase of covered yards, prov ided an adequate covering of hardcore is laid. 

As for drainage, there will ideally be none from the yard as all moisture should be 
absorbed by the straw. Wlu're, however, the soil is heavy, or the rainfall retpiires it, 
drainage should be provided in the ordinary manner. The re})ort mentions an interf*sting 
type of covered yard, roofed on the “ saw-tooth ” system, which has much to r('commend 
it on the score of cheapness. 

Of yards in general the Committee makes the very important point that the roof 
supports, whether the yard be partially or wholly covered, should be sited and spac(‘d in 
such a way as to facilitate ' mucking out.’ They very rightly point out that dev^elopments 
in the mechanical clearing of muck are now taking place, and emphasise the need for facil- 
itating this laborious operation. They recommend that the side or sid(\s which are fenced 
should be constructed in such a way that at least some sections ara easily removable. As 
an alternative to the yard as a landlord’s fixture — a ix^rmanent construction to whatever 
extent it may bo covered — the use of straw yards has been widely exploited during the 
last few years. Straw * crew ’ yards have b^n in use in the Eastern coxinties for many 
years, and farmers in that part of England have found them entirely satisfactory. There 
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are, naturally, limitations in the use to which straw buildings can be put, and the following 
general points should be borne in mind : — 

1. The risk of fire. This risk is, generally speaking, rather more apparent than real. 
Animals are more likely to be housed in buildings of this description in the winter 
months when the risk of fire js at a inirumum. Provided that the walls are not too 
high, and that the covered portion is not too large* a proportion of the whole, the 
risk is not (jonsidered to be very great. 

2. Fleas and other similar types of vt*rmiu are obviously likely to be more trouble- 
some in a straw yard than in any other type of building. 

3. Drainage is an im])ortant consideration owing to the difficulty of ])roviding any 
form of eaves guttering wh(*re the roof is thatched. 

Bearing tliese genei’al (jonsiderations in mind, straw buildings are obviously suitable 
for housing horses, store and feeding catth*. and pigs, and for the protection oi implements 
and tractfms. Sev€^ral typ(‘s of construction are fully dealt with in the report, although 
probably the m/)st promising type of all had not been evolved when the* report was published. 
This type involves tlie use of tubular scaffolding, large quantities of which may become 
availal)le in the near futun*. Thf* main diffk'ulty in the construction of a straw building lies 
iri the formation ol the roof, as its length and pitch are dictated by the length and diameter 
of the timber available. The availability of tubular scaffolding puts an entirely different 
(‘omple.vion on th(‘ matter, as the overall dimensions of the roof when so supported, are 
jirac^tioally unlimited. Further, the strengthening and })rot(‘ction of tin* side* walls against 
the stock is a relatively easy matit^r. This form of construction has the additional merit 
that the only ex})endable maUrial is the strawy and the skeleton of the building may be 
addt'd to or, indeed, moved to any other part of the farm as circurastanc(»s require*. Photo- 
graphs an* shown of this tvju*, both in course of erection and comi)leted, which may be of 
general jnt(*rest. 

s|: sH 

The rejKH’t deals with many other buildings including Dutcii Barns, Silos, Storage 
buildings for grain and fertilizers, Tracjtor and Implement Slieds and workshops, and an 
immense* amount of us(*ful information is given in (;onnei-tion with their design and con- 
struction. 

An interesting cha[)ter (paras. 454-470) deals with buildings suitable for the small 
iarm, and the writ(*r would like to draw particular attention to the layout illustrated by 
“ D " and “ E ” on })age 175. This is n^commended as being particularly suitable to 
Noi them counti(*s, but the })lan has much to commend it for any district. 

There arc useful chapters concerned with the control of vermin and rodents, and with 
fire j)rev(*,ntion, together with a complete chapter on electrical installation. 

It is w'cll nigh impossible in a short articles such as this to do justice to a report running 
to more than 200 pagt^s, and if the wuiter should have succeeded in whetting the appetite 
and arousing the interest of those concerned with farm buildings so far as to induce a 
careful study of this re})ort, he will feel amply repaid. 

M'AHvvicKsirmh tVAit AnKU'-fnAURAi^ Kxkcutivk Oommittck, 

C, (U’y's (Yitoj AvENfM^:, 

LkAMIN^(}Ti)^^ Si*A. 


N. E. B. ELGAR. 
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RECENT DEVELOPMENTS IN CHEMICAL METHODS 
FOR THE SELECTIVE CONTROL OF WEEDS 

Thkough the centuries, the methods employed to deal with weeds have remained 
basically unchanged. With the plough the weeds could be buried while in the growing crop 
weed sup])ression was dependent on the hand, the hoe and the harrow. It is fifty years ago 
that there was a really novel development-. In 1896 Bonnet show^ed for the first time that 
by spraying a growing cereal croj) with dilute solutions of certain chemicals it was j)ossibl(^ 
to kill annual weeds but without killing the crop. Subsequently to those first experiments 
progress in this new field was surprisingly slow. On ac(;ount of its low cost and non- 
corrosiv(‘ properties copper sulphate was the material which was most widely employed 
for spraying centals. Other substances to gain some but not wides])read popularity were 
ferrous sulpliate, sodium nitrate, ammonium sulphat(‘ and, as pow^lers, Kainit and (;yana- 
mide. All of these materials suffered from the disadvantages that they w^eT(‘ effective 
against only a few of the common wwds of arable land, and in addition, were limib^d in their 
(‘ff(‘ctiv(‘ness by w^eather (;onditions. All of the materials w^c^e slow acting and demanded 
at least 24 to 48 hours of fine weather after sf)raying. 

For ()V(‘r a decade sul[)huri(^ acid remained out ol’ favour, iiiere were no doubt three 
contributory causes. The corrosive properties of sulj)huric acid werc^ veil known, there w^as 
the difficulty of handling and s])raying in the field and it was not rt‘aliz(‘d t hat thc^ a])})arent 
damage to the cereals, immediately after sj)raying, did not iiecessarily lead to a de])ression 
in final yield. It w^as left for Rabate (Ref. 1) to demonstrate in 1911 the real worth of 
sul[)hurjc acid for weed destruction in cereal crops. The', great advantage of sul])huric 
acid is that it ac'ts quickly and so only needs a few hours of fine weather. Moi'cover, 
Rabate demonstrated that it was effective against a wide range of annual w'(‘eds and, what 
is more;, sjiowed that- crop yields were, in consequence of 8})raying, materially increased. 

I'lic immediate ap])lication (A these findings to farm ])racti(;e were at lirst rest-ric‘t-(‘d to 
Francji'. Special lead-lined sjnayers w^re develo})ed and tens of thousands of acres t-rcNd-c'd 
each season. Subsequently sulphuric? acid was c*om])aTed with othcu’ sel(‘ctiv<‘ lua-biddes 
by Korsmo (Ref. 2), in Scandinavia and by Blackman and Templeman (Refs. 3 and 4) in 
England. 

Korsmo found that by spraying cereals with either ferrous sulphate, sul])hurie acid 
or nitric acid, or by dusting with cyanamide, the increase in yield due to weed siq/[)ression 
averaged, for Norwegian conditions, no less than 25 ])er cent. In England, increases up to 227 
per cent., following on weed control with sulphuric? add, were recorded for cereal crops by 
Blackman and Templeman. The latter also show<?d (Ref. 5) that the gain in yi(?ld was 
dependent on the kind of amiual weed and its density, and on the? s(?ason. With wi^cmIs lik(‘ 
yellow (?harloek (Brassica an^ensis) (*ompetition with the (?ro]) is larg(?ly for nitrogen. But 
with taller and more aggressive weeds such as white charlock or wild radish {Raphanus 
raj)hanistrum) competition may be for both nitrogen and light. Com})etition, too, is 
greatest in the early stages of cereal development, and it follows that leaving spraying until 
the weeds are in flower is bad practice, since by then the harm has been done. Besides, 
with sulphuric acid the most effective control is obtained by spraying when the weeds are in 
the seedling stage. 

In spite of the great value of sulphuric acid for weed control, there remained the grave 
drawback of corrosion and the need for careful handling in the field. So the search for 
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alternative substances went on. Blackman and Tompleman tried acid salts such as sodium 
hydrogen suly)hate and ammonium hydrogen sulphate, but these were not, on the whole, 
a success. In the meantime, Bissey and Butler (Ref. b) had shown in the United States 
that for wild mustard (Brassica arvensis) copper nitrate at 1.0 per cent, was the equal of 
copi>er sulphate at 5.0 pe^r (iont., and cojqwr nitrate s})raying was advocated in Germany 
(Ref. 7, pag(^ 101). Nevertheless a comprelMuisive survey of the relative merits of different 
(?oj)})er com}»ounds was still lacking at the beginning of this war. 

The next stej) forward occurred when Truffaut and Pastac in 1932 filed a patent in 
France? for the employment of yellow dye stuffs, such as dinitro-ortho-cresol and dinitro- 
ortho-pheiiol, for selective w'(*c*d control in cereals and oth(?r crops. Subsequently, in France 
and then in Arn(?rica, a paste of the sodium salt of dinitro-ortho-cresol was put on the 
market. This ])aste had tlu? advantage that it was not (jorrosiv^e either to clothing or 
m(?tals, -- but being a dye stuff, stained skin and clothing. 

Tn France, many claims w(?re made for the weed-killing pi()})erties of this new material 
but the claims wen? seldom ba(;ked wdth ciiti(?al data. In America the claims were on a 
much mor(‘ substantial basis and foremost in the developmental work were workers in 
California, (‘sjiecially Wt'slgate and Raynor (Ref. 8). Tlndr invt?st.igations showed that 
such weeds as those trientioned above could be readily (?ontrolled in c(ireal crops by spraying 
with the sodium salt of dinitro-ortho-cresol* at concentrations of 0.3 to 0.6 per cent. 

'^I'his spraying tr(?atmcnt did, how^(?ver, give variable results and the idea was put forward 
that this variability was r(‘latt?d to the temperatun? conditions at the lime of spraying 
(R(?f. 8). B(?low^ a temperature of 50 “F the sodium salt was slow acting, and by no means 
as (‘ffe(*tiv(‘ as wh(‘n the weather was warm —that is well above 50 ^F. But the influence 
of tem])erature, it was found, could be minimized if ammonium sulphate was added to 
“ a(*tivat(* ” the sodium salt. This “ activation moreov(?r brought about a more 
efficient (jontrol of annual w(?eds. 

Wh(?n in 1941 the ])reseiit serit?s of investigations on the general pioblem of weed 
control vv(*r(? started und(?r grants from the IVlinistry of Agriculture and th<? Agric?ultural 
Rf*s(*arch (Vuincil, it w^as clear that th(?re W'cn? three immediate mai?i lim^s ol inv(?stigation. 
(V)uld th(? use of sul])hunc acid for weed destruction be extended to other than cereal 
crojjs { To what extent would the J)NO(^ compounds re])laco sulphuric? acid i What 
W(Te tlu* ndative (?ffi(!ienci(?s of different copper salts for selective w^oed conti'ol ? 

In considering tlu? ext<*nsion of sulphuric acid spraying tlu? principles underlying the 
selective action in c(?r(^al croj)s had to b( taken into ac(?ount. Aslander (Ref. 10) had 
observe^d that this sekaftivity was dependent on morj)hok)gical difft*renc(?s between the 
w(?(‘ds and tlu' crop. C<?r(?als have more or less upright lea ves, so the spray droplets tend to 
run off the ]>lant ; th(‘ surfaces of the leaves are waxy and so the spray does not readily 
])enetratt‘ ; and, above all, the “ growing })oint of the cereal is basal and is protected 
from the sj)ray by the leaf sheaths, I<\)rtunately many annual weeds are in a different 
category. Tliey ]»osst‘ss a])ical and un})rotcct(?d growing points and flat leaves which catch 
the si)ray. Most of tlu*m lack a waxy surbice layer though a few, like com marigold [Chry- 
santhemum se»jttum), arc waxy and are therefore more or loss resistant. This resistance can 
in part be overcome by adding a wetting agent to the spray. 

(\>nirol of Weeds in Onvms, 

These differences in structui e and habit between cereals and the commoner annual weeds 
are roughly the differeuc<'s bt twx?cn monocotyledons and dicdijdedons and, apart from the 
gr assess, few English crops are monocotyledons. Amongst the few are onions and leeks 
and thes(?, on the V)asis of thc?ir habit of growth, seemed likely to resist sulphuric acid, 

♦For tlio sake of brevity tiinitro-ortlv^-feresol will be reforrtxi to as DNOC in the rest of this paper. 
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Moreover, it was well established that onions are peculiarly susceptible to weed competition 
and hitherto they had demanded much time and labour for hand weeding. Finally this 
need for hand weeding was in 1941 a potential bottleneck in the plan for an increased 
acreage of home-grown onions to offset the loss of peacetime imports. 

During 1941 some fourteen experiments at once showed the practicability of destroying 
annual weeds in onion crops with sulphuric acid. In fact, the onion proved to be even more 
resistant to sulphuric acid than the cereals — as long as spraying did not take place imtil the 
onion seedlings had “ straightened out and had reached the two-leaf stage. Further 
ros(^arch demonstrated that it was possible to spray the onions a second time when there 
was a second germination of weeds to cope with in late May or June, by which time the 
onions usually possessed four to six leaves. Taking the results as a whole, over the four 
seasons from 1941 to 1944, the average yield from twelve experiments of hand-weeded un- 
spray od plots was 9.2 tons per acre ; with the single spraying the yield was about the same 
(9.4 tons) while with the double spraying there was a small reduction — 8.4 tons per acre. 
In all the experiments the only marked check or depression in yield due to s])raying was in 
those crops whore spraying did not take place until the weeds were higher than the crop. 
Here the weeds, by shading the crop, made the onion leaves more tender and therefore 
less resistant to the acid spray. 

Allowing the weeds to get somewhat out of hand before s])raying, besides leading to 
crop damage, also leads to a smalh^r degree of kill. Annual weeds like shepherd’s purse 
(Capsella Dursa-Pnstoris) knotgrass (Pobjgonnm avimlare) and annual nettle (Vrtica 
urem) become, with age, more resistant to spraying while others like goosegrass (Galium, 
aparine) do not. Some weeds, too, especially when they have i)ass(^d the seedling stage, 
are betti^r controlled if a wetting agent is added to the spray — ^fat hen (Chenopodium 
album) for example. But this greater wetting power of the spray is also liable to cause a 
greater penetration of the spray into the onion leaves. If the cro]) is growing w(^ll this extra 
chock is immaterial, and loss in yield has been observed only on light soils in dry sj>rings. 
For example over the four years the addition of a wetting agent only depressed the yield 
in 3 out of 17 trials. 

Although sulphuric acid had f)rovod so sUccessfid in the initial onion experiments, it 
was r€'alizod that there was still the drawback of corrosion and the difficulty of handling. 
So a seandi was continu(Kl, at the same time, for alternatives more easy tt) handle. In this 
connection, during earlier work on sodium chlorate, it had been found that the wild onion was 
highly resistant. It seemed therefore possible that this resistance was shared by the 
cultivated onion. If this were so then the onion should stand up to 1-2 per cent, concen- 
trations of sodium chlorate which were found by Clouston and Hill (Ref. 11) to kill some 
annual weeds. Unfortunately these concentrations were not effective against many of 
the weeds which are common in onion fields. 

The sodium and ammonium salts of DNOC were also tried, but proved to be even 
less useful since they were partially toxic to the onion at all stages of its growth. In fact, 
on occasion, onions in the young two-leaf stage were killed outright — a result incidentally 
quite contrary to the findings of Westgate and Raynor in America. 

Other herbicides investigated were copper chloride and several emulsions of various 
tar-oil fractions. They, in turn, all suffered from the drawback that while they did not 
check the onion growth unduly, they killed only a few of the weeds and did not compare 
in efficiency with sulphuric acid. 

Pre-emergence Spraying of the Seed Bed, 

In the course of the first year’s experiments it was observed that many annual weeds 
appeared above grotmd before the crop. In consequence, by the time the onions were fit 
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to Bpray, i.e., tlioy had reached the two-leaf stage — these earlier germinating weeds, 
because of th(ur sizt\ were less readily controllable by spraying. It seemed apparent that a 
more effeetiv<* control could be achieved if an additional spraying could be timed to take 
placid when the w(H‘ds liad g(‘rminatod but the crop seedlings were still just below ground. 
Tests, fii’st on an ex])erimental scale and then on a field 8(;ale, proved that this “ pre- 
emergence ” t(*(dini(pi(} of s])raying was a practical proj)osition. 'The onion st^edlings were 
in no way damage^d as long as the initial shoots were below the soil surface. The only damage 
occuiT(‘d where the wlu^el tra(?ks of the tractor and sprayer happened to follow directly on 
to]) of tlu* onion rows. This packed the soil, and dej)ressod the final stand of seedlings. 

Such damage can, how(‘ver, be ovc'rcome by adding a small pro])ortion of quicker-germ- 
inating radish s(?od to the onion seed at the time of drilling. The radish seedlings, which 
germinate^ with the w(‘eds, s(irve to mark the rows so that it is possible with a ])roperly ad- 
justed tra(*k to kc(*]) clear of the rows while sj)raying up and down them. The ’"idishes aro 
kilk'd by the sj)ray and tlie onioTis emerge in a clean seed bed. 

'I'his prc-(*nuirgenc(' sj)raying can be applied to any croj) where the weeds normally 
germinate in advajice of the cro]). Its value is most a])par(uit iii spring-sown crops which 
are slow to germinaUi — /.c. onions, cairots, ])arsuips, round btic'troot and ])arsley. There 
an*, ho\\ev<a’, occasions when the spraying is possibk^ for* root cro])s such as mangolds and 
sugar beet. 

No (‘ff(a*tivi‘ substitutes for sul j)huri(‘ acid have yet been evolved for this m^w technique. 
Sul|)huri(‘ acid has the advantage that, once the spray dro]>lets reach th(' soil surface, the 
acid C()mf)ines with thc^ soil bases to form innoemous salts- for exanq)lo insoluble calcium 
sul])hat(‘. Other materials su(;h as i)NO(y com|>ounds or tar oils leave spray residues which 
may injure the emerging seedlings or, in some instances, kill them completely. 

(kmtroJ of Weetk in Cereal Crops. 

Whereas for pre-emergence sjiraying and wt^ed control in onions suljihuric has ])roved 
to havr‘ most mcTit, in the eradication of weeds from ccre^al cro|)s the ])remior position of 
sulphuric has now been lost. H(‘re inv(^stigations have developed along three main lines. 
Two hav<* already b<^en mentioned— those comjiaring the cffectivyri(^ss of various (;o])})er 
salts, aud thos(^ on the ])orf()rmanc<^ of J)NO(^ compounds Tinder English conditions. The 
tliird is an entirely novel (hwelopment — ^the evolution of selectively toxic gro\^iih-I)ro- 
motiiig substances. 

This n(*w apjiroach to differential weed control arose out of tlu^ investigations of Slade, 
Tem])l(unan and S<^xton (R(*f, 12) on the effects of growth -jironioting substances on the 
dcv(‘lc)pm(‘iit of c(Tcals. Tn j)ot culture experiments, carric^d out in 1940, they noted that 
spraying with growth-promoting substances, such as the w'ell known alpha-aa})thyl -acetic 
acid, kill(‘d weeds like yellow charlock but did not harm the cereal. The impoitaiico of this 
djs(*overy vN'as at once r(‘aliscd, but tlic (juantities reTpiircd to ]}roduce this differential kill 
w(ue high and a stwch was mad(‘ immediately to fmd more active substances. Of the many 
(‘ompounds tested, two proved to bo far more active —namely, 2 : 4 di-chloro-phenoxyacetio 
acid aud 2-m<^thyl-4-chlor<)-phouoxyaeetic a(*id. 

In the meantime, Niitrnan, Thornton aud Quastel (Ref. 13) were i caching the same 
coiudiisions by a different ajiproaTjh. Thornton had shown previously that, before the entry 
of the nodule bacteria into the root hairs of legumes, the root hairs invariably curled. 
The curling, it was thought , could be caused by growth-promoting substances, and tests, 
showed this to be true. This discovery in turn started a search for the most active com- 
])ounds and it was found, iii 1942, that 2 : 4 di-cliloro-phenoxyaoetic acid was toxic to clovers, 
and other cTop plants. 

Th<^ result of the pot experiments by Slade, Ternpleman and Sexton were coramuni- 
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cated to the Agricultural Research Council. In consequence, the two phenoxyacetic acid 
derivatives were included in the 1943 research programme at Imperial College to test their 
comparative performance in field-scale trials on a variety of weeds and crops. Direct 
comparisons were made between the growth-promoting substances, copper salts, DNOC 
com{>ounds and sulphuric a(*id. 

The results to date have been illuminating, yet at the same time perplexing (Ref. 14). 
Firstly, the investigations have shown that the range of selective weed c*ontrol can be greatly 
expanded ; secondly they hav(^ revealed the extraordinary specificity ^^f the action of any 
one compound on different weeds and different crops. At present the basis of knowledge is 
insufficiemt to fill in all the detail but, at least in regard to the relativ(i merits of allied 
com[)ounds, some broad differences have been established. 

1'aking first thcj different (;o])per salts, many (experiments have confirmed a varying 
rang(i of activity for weed destruction. C()X)per (cupric) chloride is the most active, followc^d 
closely by <H)})j)er nitrate, then oop})er acetate, and finally (a long way behind) by cox)i)er 
sulj)hate. For example, for the control of yellow charlock, co])f)er chloride at a 1 % con- 
centration is more than the equal of ciopper sulx)hate at 5.0%. It is not only a question of 
concentration Ix^caiise copper chloride acts far more quickly. In hot weather the ac*.tion 
of copx>er cbloride is conq)lete in lews than three hours. Again cop})er chloride will destroy 
some weeds whic^h (*opx)er su]j)hate will not —hemp nettl(^ (Galeopsis Tetrahii) and bear- 
bind (PoUpjoninn ('onvolvulus) for examj)le. Tluire are other wc^f^ds against which coi)]H‘r 
sulphate is useless but where th(' chloride gives a j)artial control, e.g., white charlock (R. i^aph- 
aniMruni). Finally, there is a third group of weeds where all the copper salts investigated 
hav(^ proved to be iiuTfective, c.g. corn buttercup (Rannnrulus arrensis) and knotgrass 
(F. arkulare). 

Just as with the copx)er salts there is an equal variability in the x)erfornian(ie of the 
diff(Tent DNOC compounds. In the first place, the findings of Harris and Hyslop (Refs. 9 
and 15) on the activation of the sodium salt of DNOC by adding ammonium sulpliate have 
been fully confirmed. Whereas for ('xample sodium DNOC 5 giv(‘s a partial (jontrol of fat hen 
(C. album) and ])oppi(w (Pa^uwer Ehoeas) the activated spray will bring about conq)lete 
destriK^tion. It is noteworthy too that even very small (iuantiti(\s of ammonium sulphates 
will cause a marked effect. One ])ound of ammonium sulphate ])er 100 gallons of spray 
solution has in many experiments resulted in a greater kill, and maximum effi(*ien(\y lias 
been reached whim 5 to 10 jiounds have betm added. 

Whiles the present experiments fully sujiport the American work on the gain in effi(M(Micy 
of the activated sodium salt, they do not confirm the American comJusiojxs that a(‘tivation 
is essentially a tpiestion of making the solution more acid and thereby increasing tlie rate of 
penetration into the shoot. Additions of ammonium suljihate, ammonium acetate and 
ammonium carbonate all bring about activation, though their effects on the acidity (pH) 
of the solution are widely divergent. The mechanism ap^iears to lie dependent on a number 
of factors and is still a matter for further study. Nevertheless in attenqiting to unravel 
the problem, results of practical importance have been forth(*oming. F(>r exam[)le when 
ammonium sulphate is added to a solution of sodium DNOC there will be some exchange 
between the two substances and thus there will be at least a projiortion of ammonium 
DNOC in solution. It was thought that this ammonium salt might be more active than the 
sodium salt and therefore in some measure account for the “ activation ” brought about 
when ammonium sulphate was added. To test this hyi^othesis, a comparison was made be- 
tween the ammonium salt of DNOC, the sodium salt and the sodium salt activated with 
ammonium sulphate. As a result it was demonstrated that, for many annual weeds, 
ammonium DNOC is the equal of the activated sodium salt and superior to the sodium 
DNOC alone. This is true for the destruction of such weeds as fat hen (C. album), hemp 
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(0. Tetrahil) com poppy (P. Rhoeas) corn buttercup {R, arvensis) and white charlock 
(R. raphanistrum). 

The n€^xt qiK^stion was why the ammonium salt behaved differently from the sodium 
salt. It seemed })ossible that in the spray droplets ammonia might first be lost to the air ; 
then, in consequence of this loss, particles of DMOC itself would be deposited on the leaves. 

The next stej) therefore was to compare the ammonium salt with a suspension of 
DNOC : — a suspension bcicause DNOC is nearly insoluble in water. For this comparison 
tests were made on annual weeds in both autumn and Spring-sown cereal crops, to determine 
whether s(‘asonal differences, such as temjierature, operatenl differentially. This has 
])roved to be so. In spring-sown (Tops, on balance, the DNO(3 sus])ension is more effective 
than the ammonium salt. There is little to choose between the suspension and the salt for 
the destriK tion of th(i mayweeds (Matricaria inodora M. ChanKfmilla) fat hen album), 
black bindw(?ed (P, Convolvulus) and treacle mustard (Erysimum cherianthoides), but for 
white charlock th(‘ DNOC! suspension is better. * On the oth(T hand, for weeds in winter 
wheat, th(^ ammonium salt has given a higher kill than the suspension. The position is, 
howiwer, complicat(Ml and needs further investigations, since the results at present vary 
accrording to the we(‘d species. 

Besides the lower t(miperatures that rule during the early spring s])raying of winter 
wh(*at, the w(*ath(M* is less certain, and there is more danger of rain washing off the spray 
solution. It would clearly be an advantages if this washing off (^ould he prevtmted, and the 
})ossibility of employing (piick-breaking i)N()(%oil emulsions w^as investigated. From the 
asjiect of being weatluTfiroof the oil emulsions proved to have considerable advantages. 
As soon as the emulsion had broktm, the oil film on the leaf surfaces could not be readily 
rem()V(>d, (^ven by heavy rain. Again, in wintcT wluiai crops, com})ared with ammonium 
DNOC, DNOC in the oil eraulsicm givt^s an equal dc^greo of control at a. low^er concentration. 

In s(‘(*king to det(Tmine why the sodium and ammonium salts of DNOC and a DNOC 
suspv ion all b(diaved differently, other comx)ounds have been prepared and tested. These 
fall into two groujis. In the one come alttu-native inorganic salts such as those of 
calcium, pijtassium and (jopper. In the other, the ammonia has been replaced by other 
(Hunpounds having similar chemical characteristics — namely mon-di-and tri-ethanolamine 
and niorjiholine. With the inorganics salts, the latest results are, if anything, more 
(‘omph^x since th<‘ order of activity is again d(*pendent on the kind of weed. For instance, 
in one. ('xpt^rimcTit all tlie fiv(^ salts gave an equally good control of fat hen, whereas, for the 
(^radimtion of annual mettle ( U. urens), the sodium and ammonium salts were mtarkedly 
superior to potassium, cahuum and copper salts. But for Shepherd's jnirse these 
differeiKH^s, though distinct, were far less marked. Equally complex results have l)een 
obtained in trials on corn huttercu]), cleavers, Venus-Comb (Scandix Pecten Veneris) and 
white charlock. 

In couti ast to the variabk'. effects of the inorganic salts of DNOC, the ethanolamine and 
rnorpholamim^ compounds have given n^sults which arc in good agreement for several weed 
speci(^s. Noiu^ of theun is as active as ammonium DNOC for the destruction of yellow 
charlock, maywetKl, fat hen and (!orn ]) 0 })])y, but they are somewhat morci efficient than the 
sodium salt. These findings do not therefore support the postulate that the efficiency of 
the ammonium salt is due to a cht^mical affinity betAvoen the ammonia and the proteins 
in th(‘ leaf cuticle. On such n hypothesis the ethanolamine and morpholamine salts should 
be nior(‘ active, since their affinity for the ])roteins is likely to be greater. 

Th(^ div(M‘g(*nt tdfet^ts e xhibited by the copper salts and DNOC compounds are found 
agtiin in the ease of the selectively toxic growth-promoting substances. Some wood species 
are (M^ually sus(ie])tihle to both 2 : 4 di-chloro-phenoxy acetic acid and 2-methyb4-chloro- 
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phenoxyacetic acid (sodium salt)*. To others the former (M.C.P.A.) may be more toxic 
or less toxic that the latter (D.C.P.A.). There is a third group of weeds which are partially 
resistant, and a fourth class of wholely resistant species. 

These two materials are outstanding for the control of white charlock, com buttercup 
and Venus’ Comb, since they exceed in efficiency all the other herbicides investigated. A 
further feature is the small quantity of material required — ^for white charlock and corn 
buttercup only two pounds per acre, applied as a spray (equivalent to a concentration of 
0.2 % at a 100 gallons per acre) is necessary to give complete control. For Venus’ Comb 
the (quantity can be reduced to 1 .5 pounds per acre and for j)ennycress and treacle mustard 
one pound per acre of M.C.P.A. is suffi(;ient. 

M.C.P.A. is more toxic to yellow charlock than D.C.P.A. since the experiments to date 
indicat(i that double the concentration of the latter is required, viz., 0.1 % as against 

O. 05%. In fact with M.C.P.A. a nearly complete kill can be achieved with a concentration 
of 0.025% — that is no more than 4 ounces per acre, as long as f me }veather persists for a few 
hours after spraying. If the concentration of M.C. P. A. is raised to 0. 1 % (one pound per acre) 
then, even if the spray is immediately washed off the shoot by rain, a (complete control can 
still be obtained. 

This iiidepeudenco of weather conditions is due to the exceptional ].)roperty that 
absor[)tion can take ])lace through the shoot or through the root. It is therefore possible 
to a])j)ly M.(\P.A. or T).(/.P.A. as dusts instead of sprays — an advantage of great im- 
})ortance in areas wln^re water supplies are short. Because of this root absorption it is 
possible, by spraying the soil surface before the weed seedlings have appeared aboveground, 
to kill germinating seeds within the soil before they emerge. Such suppression has been 
achieved for example by using one pound per acre for yellow charlock and tn^acle mustard, 
and three pounds per acre for groundsel {Seneccio vulgaris) and annual nettle. 

In the group of annual weeds which are partially resistant to both D.C.P.A. and M.C. 

P. A. then^ are several in which resistance appears to be correlated with the stage of develop- 
ment. In the case of corn ])opp.y good results have been achievtnl with M.(^P.A 2%) 

as long as the plants are still small and have not reached the ‘‘ rosc^tte " stage ; oucc large 
rosettes have been fvirmed the <;ontrol is only j:)artial. The stage of develo[)ment is even more 
imy)ortant for the control of fat hen (C. album) ; in the cotyledon stages, or when the seed- 
lings have two true leaves, M.(^.P.A. may be highly effect! v(5 ; with more ujature ])lants 
little if any control may be obtained. Although the evidence is less ])r(Hnse, the same 
relationship between resistance and ago also aj^parently holds for sf>uney (Spergula arvensis), 
ivy-leaved speed w'ell ( Veronica hederifolia), hemp mettle ((/. TeiraJiit), and bearbind 
(P. Convolvulus). 

*Amongst the wholely resistant annual weeds must be included the mayweeds (71/. 
inodora M. Chamomilla), com marigold (C. segetum), willow weed (Polygomm) Persicaria), 
knotgrass (P. aviculare), cleavers (G. aparine), chickweed {Stellaria media), parsl(‘y piert 
( Ahhcrnilla arvensis) and fumitory {Fumaria officinalis). In defining rc^sistance it should, 
however, be stressed that the concentrations employed have been limited to those which 
are not injurious to cereal crops. 

For a direct comparison of the effects of cop}}er salts, DNOC (compounds and the 
phenoxyacetic acid derivatives on the growth and yield of cereals numerous large scale 
experiments have been undertaken and the grain yields recorded from over a thousand 
plots of 0.01 acre. In assessing these results, the direct effect of spraying on the crop and 
the indirect effect through the suppression of weed competition must betaken into account. 

Taking first the direct effect, winter wheat has proved to be more resistant than spring- 

*For the sake of brevity 2 : 4 di-chloro-phenoxyacetic acid will in future be abbreviated to D.C.P.A. 
and 2.inethyl.4 chloro phenoxyacetic acid to M.C.P.A. 
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sown oats or barley. Kevertheless the relative toxicity of the various herbicides to all 
tiire^ crops is of the same order. Sulphuric acid at the normal concentrations tends to 
de])ress the yield of spring-sown cereals when conditions are unfavourable for a rapid 
recovery aft.e‘r spraying — that is on light soils in a dry season. This is also true of copper 
chloride only when the conre7it rations employed exceed 2.0 per cent, for spring cereals and 3.0 
per cent, for winter wheat. 

The liability of the DNOC-oil emulsion to damage the cereal cro}) is at prescmt a draw- 
back to the development of this type of herbicide. The def)ression in yield is of the same 
order as that found with sulphuric acid, and again spring-sown cereals are the more 
susceptible. 

With tlic- remaining J)NOC compounds — that is the sodium salt, the activated sodium 
salt, the ammojxium salt and l)NO(y suspensions, there is no evid(uice of a permanent chock 
to the normal develo])moiit of cereals when concentrations up to 0.8 per cent, of DNOC are 
employed. This is ecpially true for winter and spring-sown cereals. 

With the phenoxyacetic acids there is again a dividing lino between winter wheat and 
spring-sown oats and barle^y. Concentrations up to 0.4 per cent, of M.C.P.A. ((;(piivalent 
to lour {)ounds p{ir acre*) are safci for wdnter wheat, but for spring barley and oats the 
salcty limit seemingly lies between a 0.2 — 0.3 per cent, concentration. On the basis of the 
completed expe^rinuints, D.C.P.A. apjanirs to be less selective than M.C.P.A. but fuller in- 
formation will b(*. available on this i)oint when the 1945 experime^nts have be('n completed. 

In considering t he direct (dfect of t he various her bicides on the cereal it must bt‘^ stnissed 
that the (‘)j(*ck to the crop is normally more than offset by the gain duo to the elimination 
of weed coinpotitiou. In fact in only one out of the sixteen experiments during 1943-44 
did any sj)ray ircatnuml significantly low^er the yi(dd below that of the unsprayed weedy 
l)lots. Over all ex[)erim(rits the av(‘rage increase in grain yield for the most <^ffoctivo spray 
treatments has been 19.5 i)cr cent. This mean figure is not indicative of the maximum 
increases that can b(‘ obtauiod by the Buf)i)ression of heavy infestations o^' annual weeds, 
sinct‘, for restairch [)urpos(‘s, many of the trials have been eonfim^d to (;rops with a low weed 
initial density. lucroas(\s of ninety per cent, in yield have, for instance, been recorded 
following the eiadi(tatiou of white (iliarlock in spring barley, and of 0901 buttercu]) in winter 
wheat, wiicn the weed densities have* bt‘eu high. 

^ V ndcriiown Ceieal Crops. In undersowm cereal crops the problems of weed control arc 
i'(^u(l(*n‘d irion^ conlf)l<^K siuc<^ the effects of the various spray materials on the grass and 
leguminous S(;(‘dliiigs must })c taken into account. The i)roblem is lurther com])lieated 
b> th(‘ modern prat'ticc, (Nsp<*cia]ly on the ligbtiT soils, of sowing the s<hh1s mixture early in 
the season befon* (he annual wx*(‘(is have germinated. In (jonsecpiencc, the “ secKls ” and 
the weeds may (mu'rge logt'ther. 

From Ilu‘ ])()ijit of view' of weed control, the most effoeti\'e results can Ikj obtained by 
(h'laying sowing the “ sctnls ” until the weeds have g(‘rminatod and have been destroyed 
by spraying. For such spraying the techniques so far suggested need important modifi- 
c.ation. If sul})huTic acid or copjjor chloride is used, the seeds can bo sown a day later. If 
it is <^sscntial to use a f)N()(' com]>oimd then sowdng should be postponed for a week to ten 
days, since carlhn* sow ing lias, in (^xjx'rinients, residted in a poorer final stand. On no account 
sliould M.(M\A. or D.CU’.A. be employed at all, since the residual effects will suppress 
germination of the seeds.” It has been demonstrated that throe weeks after spraying 
the soil with M.C.P.A. at th(‘ rate' of one j)ound per aero, there was an almost complete failure 
of r(‘d c*lov(*r, w hit(‘ (;lov(‘r and trefoil to germinate, and a thinner stand of rye-grass and 
cocksfoot. 

11' (‘arly sowing has benm practis^'d, it is impossible to spray for weed control when the 
clovers arc in th(' cotyl(‘dou stage and the grasses are young seedlings, since sulphuric acid, 
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copper chloride, DNOC compounds and both M.C.P.A. and D.C.P.A. will all be highly 
injurious. It has been found, howe\’'er, that the resistance of the seedlings increases 
rapidly as they develop, and it seems probable that some measure of wood control may bo 
attempted once the legumes have developed four true leaves and the grasses are two inches 
high and have started to tiller. Thti investigations on this particular problem are still in 
the experimental stage and, at the momcjiit, it seems that most succ(^ss is likely to be 
obtained with copper chloride and M.C.P.A. as long as the concentrations do not (‘xceed 
1.0% and 0.025 — fl.05 per cent, respectively. 

Schwendiman and others (R(if. JO) consider that red clover and luct^rne will tolerate 
low' concentrations of DNOC compomids at the 4-0 leaf stage. Tritds in England on 
lucerne indicate that the risk of injury is relatcul to the weather conditions at the time^ of 
spraying. 

( \mirol of W eeds in Flax. 

N(^xt to the C(jreal crops most attention in the research programme has been given to 
the eradication of annual weeds in flax. Here the scope for wet'd eradication has been 
narrowx^d by th(j greater suscej)tibilty of flax to spray damage. It lias bt‘(ai estalilislied that 
it is im])ossiblo to employ sulphuric acid since, even at low concentrations, the yield of straw" 
and of filire will be greatly dt^jirx^ssed. Again, flax rea(*ts very differently from the ccTcals 
to DNOC^ com]K)unds. Nunieious experiments have shown that flax is iik(4y to bo seriously 
mjunMl by DNOC^ suspensions, liy th(‘ ammonium salt and by tlio “ activated ” sodium 
salt. Only with the sodium and cthanolamino salts**" is the rat.(^ of sjiray damage slight, 
and then only if th<^ crop is sprayed within criti(*al limits of* concentration and stage of 
dev(4o])mcut. The same conditions hold for copper chloride'. 

Flax is most I’esistant to spraying when it has paamt the cotyledon stage, i.e. over 2 
inches and h'ss than b inches tall. No damage' has been observt'd in 12 of i.*l ('xjieri- 
nif'iits under these conditions, m lomj as the concentration of sodium DNOC does not exceed 
(h()% and no more than a 100 gallons of spray are applied per acre. It is ecjually imjiortant 
that the sodium DNOC paste shall contain no free DNO(.\ that no wetting agtmt has bc'cn 
added, and, that the dilut.ed solution is slightly alkaline. 

Cojiper chloride can be used for some w'eeds, as an altta’iiativo to sodium DNOC as 
long as spraying is again confined to the period when the flax is from 2-0 inc hc's high. It is 
also css('ntial to limit the concx'utration, to 2-3 per cent. The available evidc'iice suggests* 
that flax is less ix*sistant to co])per chloride wdien the w'catlu'r is warm and sunny. 

One of the most interesting features of tlu^ flax exj)eriments is th(' effect of M.(-.P.A. 
on development. Tt w"ould seem that as long as the sjaay solution does not exccied 0.2 
per cent., neith(*r the yield of seed nor that of straw' w ill be dej)ress(?d, but tlu' yield of fibre 
following on scutching can be reduced by as much as 48 per cent. Similar results have also 
been observed for liigh concentrations of (?opper (*hloridt', or DNOC^ compounds other than the 
sodium salt. Here too, the injurious effects are reflected not so uuu'h in tlu' straw yi(‘ld 
in the field, but in the depression of fibre yield in the factory. The effects (>f M.C.P.A. ar ' 
still the subject of investigation, since the rate and the time of a])j)licatiou are imjjoitant 
factors. 

Uf) to the present therefore, recommendations for w'eed (‘ontrol in flax must bo con- 
fmed to copper chloride or sodium DNOC within the limits of conccJitration advocated. 
By using the a})propriate herbicide i1. should be possible to control yellow charlock, penny 
cress, treacle mustard and bearbind, and to achieve a partial control of fat lien, poppies and 
hemp nettle, as long as spraying is carried out at the earliest permitted op[iof*t.unity when 
the weeds are still seedlings. 

*The present costs of the othanolamino salts of DNOC? are so higli as to prohibit their use on a field 
scale. 
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Control of Weeds in Grasses for Seed Production, 

In considering the problem of weed control in under-8o^^'n cereal crops it has already 
been stressed that grasses in the young seedling stage are very susceptible to spray damage 
by cop£)er salts, DNOC compounds and M.C.P.A. The consequence is that, by the time the 
grass seedlings have reached a relatively resistant stage (i,e. are two inches high and have 
started to tilUr), the weeds have also grown larger and more resistant. In general, unlike 
the case of cereal crops, the weed flora is usually mixed and may contain species seldom 
of ini[)ortance in cereals, e.g. chickweed. 

Because of this mixed weed flora, and because of the size of the plants, there are many 
cases where no one material can he used to destroy all the weeds effectively. In con- 
secpienco, investigations are in [irogross on the use of mixed sprays or alternatively of double 
spraying. Firstly, comparisons are being made of the effects of copper chloiide, DNOC 
compounds, sulphuric; acid ami the phenoxya(*etic derivatives either alone or ii, combin- 
ation where this is chemically feasible. Secondly, trials are in progress on spraying first 
with one herbi(;idc and following up after a short interval with a different material. Infor- 
mation is also being sought on the question whether the order of s]>raying is of importance. 

The (ihoico of tin; s])ray material is clearly dependent on the weed flora. For example 
in one si)ring-sown cocksfoot fitdd, there was by midseason a well df^velojx^d mixed flora of 
knotgrass, beaibind, ffit hen, merlick (Medic-ago lupulina) pimpernel (Anagallis arvensis) 
and speedwell ( Veronica persica). On the basis of existing knowledgt^, therefore, sul])huric 
acid, activated sodium J)N()(\ ammonium DNOC and a DNOC suspensions, togetluu* with 
]VI,(\P.A., w^ero tried (‘itlier as single or double sj)rays. With the knotgrass no single spray 
treatment gave more than a 58 })cr cent, coiitrol (ammonium DNOC at 1.2 })er cent. f)lus 
a wetting ag<;nt ) and on the remaining weeds an 88 })er cent, reduction was obtained with the 
1.2% concentjation of both ammonium DNOC and the activated sodium salt. But when 
the results of double spraying are considen^d, sulphuric acid at 7.5% (vol'vol. basis) 
followed by M.C.P.A. at 0.4% was the most effective, producing a 90% kill of knotgrass 
and a 99 ccmtrol of the remaining weeds. 

In allot ht»r trial on cocksfoot, where chickweed was the ju’incipal weed, neither a 
l)NO(' suspensions nor the ammonium or activated sodium salts — with or without a wetting 
ag(^iit - controllc‘(l tiu' chickweed at a concentration of 1 .0%. Sulphuric acid alone was also 
ineffective; but M.(\P.A. at 0.8% gave a partial control. However, complete control was 
achieved when spraying with sul})huric acid (5.0 per cent.) was followed up either by M.C.P.A. 
at 0.8% or activatcnl sodium DNOC at 1.0%. The results cited serve to illustrate that, 
wi'th double spraying, the results may be very different from those obtained when ea(;h spray 
is applied sejiarately. Because of this interaction much furth(;r research is required before 
])ra<‘tical r(M;ommcndations can be put forward for double or mixed spraying. 

A similar ])osition of uncertainty holds for the direct effects of spraying on the grasses, 

mon* res(‘arch is still required. The existing data indicate that the reactions of 
grasses are sonu;what different, from those of the cereals. To date, the check following on 
sulphuric acid s})raying ap])ears to be k^ss than that resulting from spraying with either 
DNOC compounds or co])])er chloride. Grasses, it is tentatively concluded, can withstand 
M.C.P.A. up to 0.8^{) (8 ll)s. per acre) but it must again be stressed that this applies only 
when the })lants are wtU established. An “ emergence ” spraying with an 0.1 per cent, 
solution has given almost completyc destruction of the cocksfoot seedlings and if M.C.P.A. 
is apjilied as a ])re-emergence spray less than 0.05 per cent, will inhibit germination. 
Until, tluTcfore, tht' stage at which the grasses cease to be susceptible has been fully 
(‘stablished for the principal grasses, the einidoyment of M.C.P.A. or D.C.P.A. requires 
caution. 
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Future Developments. 

In the previous sections it has been possible to make a number of general recom- 
mendations for weed control since the researches have reached a stage when definite con- 
clusions can be drawn on several aspects of the problem. There yet remain other investi- 
gations which are still in a preliminary phase and on which it would be premature to baae 
farm practice. Nevertheless, since references to some of these developments in this and 
other countries have already appeared in print, a resume of the findings to date may 
indicate both the possibilities, and also the difficulties likely to bo encountered, before the 
techniques can with safety bo carried out on the farm. 

According to Westgate and Jlaynor (Kef. 8) the sodium salt of JINOC can be used for 
weed control in peas so long as the concentration does not exceed 0.4%. Claims to this 
effect have also been made in France. Experiments in England, however, have given very 
divergent results. In some trials peas have withstood, without serious injury, (joncentrations 
as high as 0.8% of a DNOC sus[)ension and of the ammonium and sodium salts. In other 
tests, the plants have been almost completely destroveni by a DNOC suspension and the 
sodium salt at eonc<ntrations as low as 0.8%. Similar contrasting results have been 
obtained with (‘opper chloride (1 — 3%) and M.O.F.A. (0.1— 0.3%). There is some evidence 
that the stage of develo})rnent of the pea, as well as weather conditions at the time of spraying, 
are factors involved in this var\dng action. The “ safety limits ’’ cannot at the moment 
be d(‘fined, and the sjuaying of peas in the field is thus attended by a high risk of serious 
cro]) injury. 

In 1938 Cross (Ref. 17) d(unonst rated that it was ])ossibl(^ to control selectively some 
\v('ed s})e(‘ies in American cranberry bogs by spraying tlie j)lautation with light oils of the 
“ paint thinner ” typ(^ Further res('arch both in California and in Australia indicated that 
umbelliferous cto})S, such as carrots and [)arsnips, were n\sistant to kerosene-ty])e oils while 
many weed species ww(‘. not. The experiments proved, too, that the composition oi’ the 
oil is an important factor. It would appear that ilu^ percentages of aromatic* and non- 
sulphonatable fractions control the toxicity both to the w^eeds and the crops. There is the 
further complexity that if spraying is unduly delayed the roots may have a paraffin flavour. 

Initial experiments in 1945 have demonstrated that both carrots and f)arsnips can 
withstand spraying with light oils of a “ tractor vapourizing oil ” type*, whereas some w eeds 
luive becui destroyed (fat hen) and others have not (annual nettle, shej)hercrs ])urse). It 
has been confirmed that the oil type is highly imf)ortant, since the ciffects both on the c-roj) 
and the weeds are very variable*. Types differ both in their toxicity to the wc'c^i spc*cies 
and in thci che(*k which they (*ause to the croj). Moroov6*r, in the case ol’ spring-sown 
carrots, the check is greater in the two-truc-leaf stage than in foui-leaf stage. 

Until further research has been undertaken it would be premature foi growers to 
try this now technique. Furthermore, the cost of spraying is v(*ry high, since it would ap])ear 
that at least a 100 gallons of oil are requirc^d })er ac.re to obtain an effeclive enver of the 
foliage. However, the cost of spraying might be greatly reduced if the active* fractions in 
the oil could be isolated, emulsified and diluted for aj)plication. Alternativ(‘ly emulsions of 
highly toxic oils may, on dilution, prove to be selective, and research along these lines 
has been initiated. 

So far, the investigations discussed have all been concerned with tlie eradi(tatiou f)f 
annual weeds and not with the d(^striiction of ]>erennial woods. In this connection, of the 
herbicides discussed for annual weed control, only the phenoxyacjctic; acid dcirivatives show 
promise of being effective. The first experiments on creeping thistle, growing in j)ermanent 
pasture, indicated that M.C.P.A. was the equal of sodium chlorate and ammonium sul- 
I)hamate ; but in subsequent trials a less complete (control has been achieved, and further 
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reHi'ar<;h is under weigh to determine how far the degree of control is related to the time of 
spraying and to the stage of developrntmt of the plant. 

Exj)erinients on tht5 same lines have been initiated for the destruction of buttercups 
(Ranunculus acris, R.bidbosus, R. repens), horsetail (Equisetum arvense), dandelion (Tarax- 
acum plaintains spp.), bracken (Fteris Aquilinum) fixiA ragwort 

Jacobea). Already a high degree of control has been obtained for R. acris and horsetail, 
but the conditions under which maximum efficiency is obtainable have yet to bo clearly 
defined. Bracken a})pears to bo resistant. 

Therc^ is, however, another factor in grassland — namely the effects of sjirays on the leg- 
umiuous plants. The concentrations nec(*ssary for the eradication of individual weed species 
may rcac;h a levt^l where the (jlovers will (uther be destroyed or markedly depressed. For 
wild white clov(?r tlie existing evidence indicates that resistam^e is great(?r in ]>ormanent 
pastun^ than in new leys. It would thus appear that this toxicity may be a limiting 
fa(‘tor in the ctontrol of perennial wcMids in grassland. However, if the concjontrations are 
such that the legum<\s are onl>' ch(?cked and not destroyed, the check can be offset by suitable 
grazing management subsecpient to spraying. 

( Umcluskm. 

From this review it is evident that in r(‘cent years there have been a number of major 
developments in th(? field of selective w'^eed control. There is, too, little room to doubt that 
[)rogress in the immediate future will b(^ at an accol(u*ated pace. Because many of the 
tfjchniques an* in their initial phase there is need for the systematic testing of the existing 
and oth(*r similar herbicjidos on an even widt^r range of crops and weeds. 

It is through this routine research that the expansion of weed control will at first 
o})erate. For examjde trials to date suggest that maize is as tolerant as cereal crops to 
M.(\P.A. Again, other experiments point to the feasibility of (^radicating perennial weeds 
like thistlf^s from (commercial asparagus beds with a late summer dressing of M.C.P.A. 
Th(‘r(* is the further* |)ossibility of (amtrolling annual grasses in cereal crops. The basis for 
this “ tour de force rc^sts on tluj observations that small-scieded grasses like cocksfoot, 
at the time of gf^rniination, are killed by M.C.P.A. whereas the cereals are not. This 
diff(*reutial susc(q)tibilitv may well a])plv e(pially to black grass (Alopecurus agrestis) in 
winter wlu'at. 

Finally, it is essential to regard this i)eri'id of fact-finding not as the ultimat(^ aim of 
r(*s(\arcli but only the ])(multimate. Once a firm basis of facts has been established, progress 
will be arrested unless there is a proper understanding of the reasons why related substances 
differ in tluur effe^cts on weeds and crops, and in what jiarticular way the compounds are 
toxic. At pr(*sent, biologists are woefully ignorant of these more fundamental problems 
and, because of the com])l(^xity of the problems, they may take a long time to solve. Never- 
thele^ss it is on the est ablishment of underlying prineaples, by the biologists and the chemists 
working together, that the next striefes forward must depend. 

Sinn mary. 

After t he initial discovery fift>' years ago that it was possible to control yellow charlock 
in ceueal crops by sjjraying with ejopper sulphate, now devedojiments were at first slow. 
But. in recent years a number of Highly effective selective herbicides have been evolved and 
the techniepu* of ehemieuil w^eed control extended to other crops. 

All the investigations point to the (extreme specificity of these compounds both in their 
effects on different w'eed s]>ocies and on the several (.Tops. Amongst the developments 
have been the testing of co])per salts other than the sulphate, and it has been found that 
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copper chloride and copper nitrate are greatly superior to copper sulphate. Copper 
chloride in particular has the advantages over copper sulphate that much lower concen- 
trations are required, that the spray is quicker acting and that it controls a wider range of 
weeds. Within specific limits of concentrations (1 — 3%) it can be employed for weed 
destruction in cereals and flax. 

In the last ten years research in several countries has shown the value of dinitro- 
ortbo-cresol (I)NOC) compounds for annual weed destruction in ct^roals at concentrations 
of 0.3 — 1.0%. Small changes in composition are highly important in altering the toxicity of 
the spray to weeds and crops. A suspension of dinitro-ortho-cresolor of its ammonium salt 
will, for example, control a widcT range of annual weeds than the sodium salt, unless the 
latter has been “ activated ” by the addition of ammonium sulphate. These l)NO(/ 
sprays, unlike sulphuric acid, do not check the (;ereal and Jbr some annual w(^(^ds, such as 
corn ])op])ios and the mayweeds, are far more effective. As long as the sodium salt is 
employed and the crop Rj)rayed at the correcit stage of growth, several weed sjjecies can be 
(^radicated fr’om flax. 

The latest d(ivclopment has been the dis(u)veTy that growth -promoting substanc(\s, siich 
as 2 : 4 dichloro-phenoxyacn^tic a(*id and 2-rn(^th3d-4-chloro-phenoxyacetic acad, are select- 
ively toxic to annual weeds in (cereals and maize. Thc^se new materials at exceptionally 
small coiKJcntrations (0.25 to 3.0 pounds per acre) have kilk^d a number of commoti annual 
weeds in (‘creals. The rang(‘ of we(^ds controlknl is less than with the dinitro-oi tho-c'resol 
compounds but they have proved outstanding for the suppression of white charlocik, corn 
buttercup and Venus Ck)m]). 

These growth-i)romoting (iornpounds alone show promise for the control of ])erennial 
wcfids, c.g. cre(‘ping thistle. They have the exceptional feature that absorption can take 
place both through the slioot and the roots ; in conscHjuence they can be ai)])li(ul cither as 
sprays or dusts. 

For the control of annual w(H^ds in onions and lec^ks, sulphuric acid is the most effective 
treatment. The growtli-promotijig substances and dinitro-ortho-cresol compounds damage 
theses crops. 

Spraying the scikI bed with sulphuric a(nd just before the crop seedlings emtu*gc can be 
a])pliod in any case where the annual weeds normally genpinate in advances of the crop, 
e.g. onions, (;arrots, ])arsm})s. 

For the eradication of weeds in undersowui crops, in grasses for seexl pi odu(*tion and in 
grassland, a number of difticulties have yet to be overconu'. In the young s(‘edling stag(^ 
legumes are damaged oi killed by both the dinitro-ortho-cresol compounds and tin* growth- 
promoting substances. They are least injured by co])per chloride. Hesistance to spray 
damage increases with age but even with well-established plants resistance may only be 
partial. Similarly, gra8S(\s cannot bo sprayed with these materials as they (H:>m(' through 
the ground, but spraying is feasible once the seedlings are established. 

In the near future the api)lication of methods of selective weed control is likely to be 
greatly extended, but at the same time the techniques will become more complex sinc(j the 
number and types of compounds increase. 


Bepartmssnt op Agriculture, 
Oxford. 


G. E. BLACKMAN.* 


'•‘Formerly at the Department of Botany, Imperial College, London. 
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LEYS FOR DRY AREAS 

Throughout the country one finds today a strong interest in grassland and in the ley. 
This interest is no less marked in the drier eastern counties than elsewhere. It will not be 
denied that the interest existed during the period between the wars but it was, in the main, 
concerned with the use of grass as a means of reducing financial commitments. Today the 
stimulated interest is rather in grass as a crop around whi(^h can be built up a profitable 
farming system. Without in any way discounting its incidental values — there is no need 
but to mention soil fertility as the chief of these — “ grass consciousness ’ recognises the 
great value of grass in itself. Although, paradoxically, the acreage of “ grass ” tends to 
increase during times of depression, grass as a crop can play its full part only in times of 
high farming. 

Throughout the country, but more particularly in the dry areas, leys are regarded as 
serving (uther a direct or an indire^ct [uirpost^ — that is to say, they provider livesto(‘k fodder 
and so a cash return, as their main contribution or, alternatively, their main n^turn is 
through the enhanced yields of succeeding crops. In dry areas the first or direct jmrpose 
is usually milk production. Although the distinction between the two pur})oses is accepted 
there is no doubt that it is an arbitrary one. The recognition of the irnportam^e of the 
indirect purpose has resulted from a substitution of “ grass-mindedness ” for “ grass- 
con sciou& ness.” As will be (miphasised later, grass consciousness was hardly possible in 
those days when the question of how best to utilise grass, had, perforce', to remain a (pu^stion. 

An examination of the case in relation to milk production immediately raises the 
question whether the same ends can be achieved equally^ well by means of permanent 
j)asture. On this particular point evidimce is rather incornpkde. Ortainly it can t(^ shown 
that, as judged by botanical composition, much of the pcrmarunit })asture of the Eastern 
(k3unties is of an indifferent nature. Practical ex})erieiu^e also indicates that this ])articular 
type of pasture can be neplaced hy jin improved one by seeding after a short arable rotation 
or alternatively'^ by sowing straight after ploughing. 

For all that, it would with our present knowledge certainly b(^ premature, if not 
dangerous, to condemn all ])ermanent pasture simply on the ground that it had not b(‘eri 
sown recently. Conversely it is true that all ley^s cannot be classed as good simply b(M?auso 
they have been sown during the last few years. Similarly no arbitrary length of life can be 
laid down for h^ys or “ permanent ” pasture ; so long as they serve their function of ])ro- 
viding adequate livestock keep, surely they should remain in grass. For the moment the 
evidence rather points to management as the controlling factor in the life of the l(\y or the 
(?on tinned productivity of permanent pasture. Tf this is so, then the ]3robl(*ms of the 
length of ley, and of the relationship between ley and ]3ermanent pasture, will vary from 
farmer to farmer — both being dependent on the farmer’s management ability^ The intro- 
duction of a sure and simple method of assessing grassland output would do muc.h to improve 
our outlook towards grass as a whole. Could such a method bo found, the plough could 
follow as a logical measure when production was falling to an luieconomic level. 

In order that perspective may not be lost it may be well to emphasise, at this stage, 
that much of our permanent pasture is fit only for tillage treatment. The badly matted, 
acid, unproductive swards that the writer has in mind could certainly be improved by other 
means than ploughing, but there seems little doubt that the plough is the cheapest and 
quickest solution. This is more especially true today when a period under tillage can be 
profitably introduced. 
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The foregoing arguments are based on the ley in relation to animal production, 
and in particular to milk production, as the main plank in the farming system. A different 
problem is involved where the main purpose of the ley is to increase soil fertility and so 
enhance the returns from succeeding arable crops. Evidence is available to show that 
fertility can be increased by the ley. So long then as the ley can pay its way during its 
lifetime, its inclusion in the farming system is likely to be profitable. Urifortunat(‘ly, how- 
ever, it has ha})p(‘ned in the past that the enhancerl cash returns from cro[)s succeeding the 
ley have been insufficient to meet the losses incurred during the lifetime of the ley itself. 

This latt(T consideration has at times (tailed for treatments, intended to make the ley 
])rofil,able, that caused the prime purpose of fertility-building to be lost. Thus the ley cut 
continuously for hay, for sale off the farm, loses much of its intended purpose. Similarly 
the inclusion of Italian and perennial rv egrass in a one-year clover ley may certainly increase 
hay production and so cash sales, but also it reduces, more or less, the value of tlie ley as a 
restorativ^e crop. KsjXHaally is this the case on land subject to clover si(^kness (Sderofinia 
IrifoUonun), in which case the loss of the (‘lover results in a |)ure ryegrass stand. Under the 
dry conditions usually experienced such a ley makes limited root growth and so is vtTy limited 
in value as a fertility builder , further, the evidence, although inconclusive, does suggest 
that such a ley is ca])able of carrying over certain (cereal diseases. 

If livestotjk products should be saleable at })rofitable prices in the future* them ])art (d the 
]>roblem is r(^solved ; for then the tillage farmer could think in terms of a relativ(‘ly stable 
livestock policy to utilise his leys. The ty])e of ley to be sown, aiid for that matter whether 
a ley is to be sown at all, can only be decided in relation to its utilization. The decision 
(^ould hardly be taken with any degree of safety iii those ])r(Nwar days w hen the futility of 
th(* beef and mutton markets was certain only in its un(‘ertainty. If the future market is 
reasonably assured, it would remain to provide a regular su})|)ly of animal keep, and the 
])resent lean p(Tiod of July — August would ruxHl sj)ecial attention. 

The position of lucerne* and sainfoin leys can well be discussed at this stage since, in the 
main, they a])pcar to hold the key to the situation. Both lucerne and sainfoin have two 
valuable features — their ability to withstand drought and their ability to be cut for hay 
and yet to serve their ]nirpose as fertility builders, even though the hay be sold off the farm. 
Becaus(* of th(*se two features they seem to fit well into a g(‘neral sclieme for both livestock 
and tillage farnK*rs and the case for them, (*S 2 )ecially lucerne, will f)e consid(*red in gr(*ater 
detail at a later stage*. 

Before ])assing to the more teciinical problems of leys and grassland it is perha}>s w'orth 
while to state the ])(>sition they play in some of the drier Eastern (V)unties. Table i, taken 
from the Ministry of Agriculture and Fisheries June 4th Returns for 1939 and 1944, (dearly 
shows that- no small acreage is involvcxl. Oliniatie conditions have favoured a high pro- 
portion of tillage whic‘h is highly productive. By virtue of the same climatic conditions the 
smalhir pro])ortion of leys and permanent grass is generally very unproductive during the 
dry months from June onwards. 


Table 1. 


TiJhuje, Temporartf drafts. Fermamtt/i Pasture. 



1031) 

1944 

1939 

1944 

1939 

1944 

Ewe-ex 

340,700 

449,893 

40,104 

78,775 

302,803 

109,064 

Norfolk ... 

OOfkiiHo 

703,897 

100,390 

90,278 

207,621 

185,940 

Suffolk E 

248,r)t)4 

2I0.29H 

20,2 

31,838 

70,051 

40,457 

Suffolk W. 

187,741 

190,097 

24,097 

29,715 

02,890 

30,209 

Total 

1,383,340 

l,r>0r),783 

190,939 

230,000 

703,971 

432,330 


It is probably correct to say that, so far as drought is concerned, a true picture is not 
given by a simple comparison of annuial rainfall figures. Though situated in one of the 
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lowest rain belts in the country, the Eastern Counties suffer from drought in particular 
because of the low summer rainfall coupled with high loss of moisture from high tempera- 
tures and often extremely drying winds. 

Other factors hold back the extension of the ley system in the Eastern Counties ; there 
are for instance the national problems of fencing and watering ; these are however secondary. 
The primary consideration is one of economics and this, in a considerable measure, turns 
on the problem of the fjstablishinent of a type of le\ that is not cramped by climatic con- 
<litions. If this problem coukl be solved there would seem to be no reason why the area 
could not produt^e livestoc'k as economically as the wetter and theredbre at present more 
productive grassland areas of the west and north. 

The Establishment oe the Ley. 

A considcTable amount of experieiu^e on the establishnuTit of levs has been obtained 
ov(^r tlu' ])ast few years and the ])osition seems to have been reached wIbtc successful 
^establishment, it only a few maxims are observed, is no longer a gamble. 

Place of the Ley in the Farm Rftiaiian. So long as th(‘ land is clean and in reasonable 
physi(*al and (‘h(*mi(eal condition, the lev is not exacting as to its place in the rotation. Of 
the thrf‘e conditions, fivedorn from weeds and good tilth are the more im])ortant. Weather 
conditions adverse^ to the rapid establishment of the sw^ird are generally to be expected, 
and the aflditional handica]> of early com])etition witli a luNivy weed flora can only lead to 
failure. Again a rough unkind tilth will lead to uneven g(Tmination and short-lived 
seedlings. 

If the eoiuiitions of cleanliness and tilth are to be obtained it follows that the h\v will 
<‘(jme soon afttT a cleaning croj) and not as tlu' successor to a long series of (torn crops. 

The j)osition in r('gard to so-called direct reseeding, in the Eastern (Vjunties, seems to 
b<» that it should be r(‘S(n*v('(l for such fi(*lds as do not allow' tillage cropping. Not only does a 
sliort tillage rotation allow’ the killing of ])asture wveds but Ixdter conditions for sowing are 
invariably obtained when the old turf has b(*come redted. Many castes of direct resec'ding 
Jiav(‘ been obstTvcnl where the initial “ take ” of.se(Ml8 was good but whtav the ultimat(‘ 
sward was poor du(‘ to a heavy intrusion of grassland wwds. (Vs(*s have also been obs('rv(‘d 
w’h(‘n‘, under the normal dry conditions, the old turf had not rottc^d (pnckl\ and in con- 
scapience, liad formed a drying-out medium in the soil, aggravating drought conditions. 

(hiltivalions before sowing, When^ seeding is to be ])ra(‘tised immediately following 
old t urf experiene(‘ .show’s that earliimss of ploughing is of major im])ort anee. The thorouah 
dis(*ing of the old turf, IxTore ploughing, helps considerably to hasten rotting, and so facil- 
itat(*s good consolidation. Early cultivation is especialh important in tlu* (‘as(‘ of 
heavy soils. Tlius if sowing is t-o be done in s]>ring, the initial ploughing should Ix^ made 
in the late summer or early autumn of the previous year. At centres of s]H’ing sowing in 
Essex, in 1!)43. it was found that on London clay, a vctv high proportion of the failures 
occurred when ploughing was done in the same year as seeding. This observation sugg(\sts 
that sucH^esR d(^j)ends on getting a firm, fine seed bed. Tins suggestion is supported by the 
fact that, on lighter sods, failures were not so claseJy associated with tinu^ of ploughing. 

The use of a Cover Crop. In the case of spring sowing ojnnions differ on advis- 
ability of using a cash cover crop. The use of the cover crop began with the inclusion of the 
one-year clover ley in the farm rotation. The clover ley, being introduccxl to replai^e the bare 
fallow, clearly w^ould have lost some of its attra<}tion if it had not been undersowm in corn. 
But we should not argue from the one-year to the longer ley. Red clover is a hist 
establishing plant and, moreover, it is not required for more than one year. The fact that it 
does not quickly cover the whole surface of the land is therefore of less consequence. 

The main argument against the use of a cover crop is that its presence })re vents the 
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early grazing of the developing sward. This early grazing is essential if grasses and clover® 
are to spread lapidly till they produce a complete ground cover. The argument against 
a heavy cover crop is still stronger. A lodged cover crop invariably means a poor seed 
establishment. 

Further and more exact experiments are needed to determine just how far a noimal 
cover (irop does influence the eventual productivity of the sward. In the meantime the- 
cirfjumstances of the individual farm will determine the choice. The tillage farmer will 
lean towards the use of tlie cover crop whereas the dairy farmer, more concerned with 
immediate grazing, will probably lean towards bare sowing. 

Forms of cover crop other than the usual cereal (to be rij)ened for grain) can be em- 
ployed ; in fact the inclusion of Italian ryegrass, to serve the purpose, has long been 
recommend(‘d. Preliminary evidence jioints to the advantage of including in the seeding^ 
one bushel of oats or barley with the object of obtaining somewhat earlier gr<*zing. This, 
earlier grazing can be very helpful in mitigating the effects of an imperfect tilth, especially 
“ hollowness/’ as well as encouraging the early tillering of clovers and grasses. 

The use of a casli nurse eroj) is of course depen(U‘nt on the time of year at whic^h the ley 
is to be sown and is normal only when tlie grasses are spring sow7i. 

Time of Sowing. The time of year for the sow'ing of seeds is a further matter of 
controversy. The long-established practice of spring sowing w^as based on the under- 
sowing of corn, hut of late the preference is turning more and more towwds th(* late summer. 
The ('udeavour to se(‘d without a nurse, and yet not to forgo a cash crop, has led to an incr(‘.ase 
in the ])iactice of seeding after harvest on a disced stubble. Observation of a considerablo 
number of Essex sec^dings over the past four years has produc^ed much eviden<^e that July- 
August seedings give a higher proportion of smuiesses than those madt' in March -April. 

The evidence seems fairly conclusive that, if spring sowing is to be adopted, the narrow 
])priod from (‘arl>' March to mid-A])ril is the best time. Essex experi(‘nce is that, unless the 
young seedlings are fairly established by late May or early June, hot weather and desi(^cating 
winds are likely to kill the great bulk of the plants. Incidentally it is at this critic^al ]HTiod 
tliat a small sowing of oats or barley (for later grazing) seems to do so much to protect the 
young S(‘(‘dvS. In Essex, during the four years 1943-45, conditions fdr spring sowing proved 
really good only in 1945. On the other hand the number of failures of July- August sowing® 
n'corded over the whole ])eriod have been very few. Mon^over, as regards 1945, indication® 
at the time of writing are that late summer sowings will he at least as good as those of the 
sjiring. 

The main criticisms of late summer sowings are that clover establishment is rarely good 
and also that, especially on the heavier lands, early autumn rain often pre^ ents the all- 
important early grazing of the establishing sward. Both criticisms have added force when,, 
as often ha]>})ens through force of eircumstances, July- August becomes August-September,. 
or ev(*n October. Nevertheless good establishment of grass has been obtained even with 
sawings as late as October. 

l^eeent work at the Ministry of Agriculture’s Grassland Improvement Station tends to 
show that grasses can be successfully established from sowings made over a long period 
during winter. If a technique could be obtained of establishing clovers by spring sowing® 
among the already established grass, it would be of possible value under the condition® 
of tht^ Eastern Oounties. 

Sowing on disced corn stubbles has proved extremely successful in Essex, and the 
prat;tice has made considerable progress during the war jears. A fine, firm seed bed i® 
readily obtained, whilst the presence of self-sown corn often encourages early grazing and 
so hel{)s to promote success. Early grazing as a factor in successful establishment will be 
considered late^, but it is as well to emphasise the point at this stage in connection with 



I. THE PROBLEM OF ESTABLISHMENT. — Shewing the effect of cross-drilling. Although fair ground 
cover IS obtained, a good deal of bare ground is discernible. (Seeds drilled 31st March, 1944 ; 
photograph taken 5th September, 1944 ; fertilizers were broadcast). 


III. THE PROBLEM OF ESTABLISHMENT.—On the left illustrating the better result with combined 
fertilizer drilling than with broadcast fertilizers on right. (Photograph taken 130 days after drilling). 





IV, THE ESTABLISHMENT OF LUCERNE. — Liming is a major limiting factor, 
was regular over the field, but lucerne on left of photo started to die out in the 
right 10 tons small lump chalk applied prior to drilling, to the left no chalk. 

3 years after drilling). 


Initial establishment 
first year. To the 
(Photograph taken 


Photos, by G. W. Butcher.. 
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stubble seedings. A number of cases have been recorded, esj)ecially with barley, where 
failure to graze off self-sown corn has led to a failure of establishment . The barley, growing 
lush, draws up the young grass se3dling8, and the onset of wet weather, followed by frost, 
results in a complete kill of both barley and seeds. 

Method of Sowing, Under dry conditions it is essential to obtain maximum ground 
cover at the earliest i^ossible stage. Bare land leads to a rapid drying out of the top layers 
of the soil and so to the stunting if not to the death of the young seedlings. Furthermore, 
bare ground quickly becomes colonised with weeds. 

If the soil conditions are ideal there is much to be said in favour of broadcast sowing. 
In practice, however, ideal conditions are not often obtained and the seeds germinate in a 
loose, rather rough tilth which tends to dry out very quickly. When broadcast sowings do 
establish, the sward is very (|uick in making a complete ground cover. The odds are, 
however, against good establishment. 

Much work remains to be done on the maximum depth at which grass and clover seeds 
can be sown with safety. Current work at the Clrassland Improvement Station indicates 
that the customary depth might be increased with advantage. It seems logical that the 
speeds should be placed deep enough to be in the zone of “ ])erraanent ” soil moisture as 
opi)osed to the extreme surface layer wliich is so variable in its moisture content. This 
consideration seems to be of greatest importance in spiing, since sowings made in July- 
August are not only less likely to run into long rainless j>eriods, but also there is markedly 
less loss of soil moisture from that time of the year onwards. 

Elxperience ov(T the pjist four years has shown that relatively few failures are en- 
countered with spring drilling, but that failures with broadcasting are many. Moreover, 
the risk of failurt* with broadc^ast sowing is greater towards the end of the early-March-mid- 
April period. With July- August sowings there apj)ears to be little to choo.se between the 
two methods except, perhaps, that broadcasting has given the more rapid ground cover. 

The position se<uns to be that under Elastern Counties conditions drilling of seed.s would 
be generally adopted if the disadvantage of relativel}' slow' ground -covering could be over- 
come. It is difficult to believe that the solution is offered by the introduction of a narrow 
<2| — J inch) spacing drill, since on few farms could the expense of this further implement be 
justified. Moreover, by reason of the very short seeding season in this area, such a drill 
would not lend itself to (contracting services. Even if the narrow-sj)acing drill w ere made 
convertible for the sowing of a wide range of farm crops, it would be a long time before 
•every farmer changed his existing drill. In the meantime the problem would remain. 

The 8(dution seems to rest rather with cross drilling and perhaps also wdth the 
more general adoption of the combine drill. Cross drilling alon^ partially solves the 
problem but, with spring sowing and the great risk of a check in growth by drought in 
the year of establishment, the solution is by no means complete. On the other hand, the 
use of the combine drill shows great promise of providing the almast comph^te an.swer, 
especially where cross drilling is also adopted. At the Essex centres the observed results 
were remarkable when compared with the standard drilling methods. Fig 11. shows 
one such example — he photograph was taken 130 days after drilling. The whole area 
was sown with the same drill fitted with disc coulters at 7| inch spat'ing and the dif- 
ference of treatment of the two plots depicted was : — 

{a) 2 owt. per acre Superphosphate (18%) broadcast. 

(5) 2 cwt. per acre Superphosphate (18%) combine drilled. 

The date of drilling (27th April) was deliberately late and sowing was one way only. An 
interesting phenomenon that has been observed in cases of combine drilling is that the rows 
of seedlings braird in a much wider bond. Whether this is due to the extra ‘‘ spluttering 
of the seeds as they fall with the fertilizer remains to be investigated. 
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Fertilizers at Sowing. The first consideration is one of lime requirement, and es|)ecially 
30 since lime deficiency seems to be aggravated by dry conditions. Where a lime deficiency 
is present, and even afk'r the applicsation of the amount of lime required, improyed results 
have been obtained by combine-drilling of 1 cwt. per acre of ground chalk together with 
superphosphate, (^ases have been observed where la^avy applications of hydrated lime 
or ground chalk (required to rectify a considerable lime deficiency have resulted in a very 
patchy establishment. The inference would appear to be that lime requirements should 
be dealt with well in advance of the sowing of the ley. This pra(!tice should, iff any casc> 
be adopted to ensure a thorough admixture of the lime and the soil. 

Generalizing, phosphates in one form or another are of fundamental importaiute and 
it has been found that a relatively small amount, combine- drilled, gives apparently similar 
results to a much heavier application broadcast. With the limited evidence available the 
position as regards potash is not so certain. There would ap})ear to be no case T its appli- 
cation except where acute deficiency is known to <*xist. 

There is a good deal of controversy as to the use of nitrogen on leys but, in so far as the 
establishment year is concerned, nitrogen has a ver\ im])ortant })art to play, esjwcially 
on land which has lost heart under ]>rolonged corn cropping. It is essential to encourage 
rapid growth and so enable early grazing in an endeavofir to get rapid ground cover. 
Liberal dressings, coupled with hard grazing, are justified. 

The f)ra(^tice adojjted at the Essex Institute* of Agricultun* Farms, wdth considerable 
success, is to combine drill with 2 cwt. superphosphate per aero (with w'here necessary, 1 cwt. 
ground chalk) and to ap})ly 2 cwt. Nitro-chalk to the seed bed. 

Mate of Seeding. The time-honoured practice is to use from 25-40 lb. of se(‘d fK*r acu’e 
and there is as yet insufficient evidence to justify a change. FL\a(*t ex[)erimentation is 
net'ded to cheek j)reliminary evidence to the effect that standard rates are grossly in excess 
of true requirements. Certainly a good many farmers are obtaining as good, if not better, 
results with mucii smaller seed rates. Over a considerable period Wye Agricultural College 
has obtained good results with a seed rate of about 16 lb. ])er acre and, of lat(‘, herbage- 
seed ])roducers in the area under review have produced first-c^lass swards of ryegrass and 
white clover with as little as 10-12 lb. per acre. i 

Initial Management. The management of the ley after sowing and into its first 
liarvest y(^ar is oft(*n the weakest link in the chain of establishment. The j)rol)lem will be 
considered under three heads : — 

(a) Leys sown under a cash cover-crop, 

(b) Leys sown under a grazing cover- crop, 

(r) Leys sown w'ithout a nurse crop. 

(a) Of the cash (^over-crops w^heat, barley and oats are those more frequently used, 
but of late flax and linseed have become recognised as useful substitutes. In fact these 
tw o latter might betumie of considerable importance in relation to the spring establishment 
of leys. By tlieir nature of growth and by reason of their short time on the land, they avoid 
many of the recognised disadvantages of the corn crops. 

On lieavy land it is common practice to undersow autumn cereals, notably wdieat, and 
granted the judicious use of nitrogenous top dressings, wheat is the least likely of all cereals 
to lodge. Further, on the tyjiical heavy soils and with an initially rough autumn tilth, 
a minimum of harrowing in the spring will obtain an ideal seed bed. 

The undersowing of spring (iereals is at a disadvantage unless care is taken to choose 
a variety ixwistant to lodging. With both autumn and spring cereals it is also advan- 
tageous to choose an early- maturing variety, since this allows the seeds to have a long 
unhampered period for autumn growth. 

The disadvantage of all cash cover-crops is that the young plants tend to make long, 
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spindly, weak growth. This condition is best counteracted by grazing immediately the 
cover-crop is harvested. In practice a permanent fence need not be set up at this time, and 
the electric fencing unit has })roved of considerable value in meeting the contingency. Inter- 
mittent grazing should continue into the early autumn, and later if conditions permit. 
The indications are that considerable harm can be done by allowing the ley to go through 
its first winter in a condition of “ winter proudness.” In the year following sowing fairly 
heavy stocking, on the “on and off” j)rinciple, should be adopted in order to encourage 
maximum tillering. (Winter proudness is taken to imply sa]r)py, lush growth which is 
extremely subject to frost or, alternatively, wliich tends to rot in the bottom). 

(6) The object of including a small seeding of some (cereal at the time of 
flowing is to allow grazing at tlie earliest possible moment. Under normal circumstances 
this can take ])lace as early as three or four weeks after viewing. The aim should be to graze 
off comj)letely in as short a time as ])OSsible. This will involve heavy 8to(‘king for a few days, 
a comf)lete rest until further keep has growm, and then a repetition of the y)rocess through- 
out the season and w^cll on into the autumn. In fact it is suggested that, in the establish- 
ment. year, the ne(j^ls of the stock must be made subservient to those of the ley. If this is 
done tht^ <*hances are greater that, in succeeding years, the ley can be made* to serve the 
needs of the stock. 

Mention should be made of one period w h<*n it is not clear whether tlu^ foregoing practice 
should be adopt t»d ; the period in mind is* from the end of June until far into July, when 
drought is at its peak. There ar(‘ some indications that, by allowing more growth at the 
beginning of this ])eriod, and by light stocking, the ley will come through the period more 
satisfactorily. Experiments on the ])oint are needed, and even after more evid(*nce has been 
obtained it may l)e that the treatment will have to be adjusted according to the circumstances 
of the particular yc‘ar. 

(r) It is surmised tliat this class of ley w’ill (*ome to be largely confined to July- August 
sowings, lly contrast with districts further w'e.st and north, grazing is not likely to bo 
available in the dry belt until 10-12 weeks after spring .sowing. As a consecpicuice the need 
for hoof consolidation becomes apfairent before keep is available. On the other hand the 
indications to date are that, witli late summer .sowings, grazing <*ari commence in a matter 
of b-S weeks. Table* II s(*ts out the f)osition as to seedings at tlie Institute of Agriculture, 
Writlle, from 1042-45. 


Field. 

Table 11. 

(«) Date Hoim. 

(h) Days beUreen sowing and 

1 

22.8.42. 

first grazing. 

216* 

*> 

12.J.43. 

109 

3 

31.7.43. 

41 ' 

4 

25.3.44. 

47t 

5 

26.3.44. 

m 

6 

27,4.44. 

§ 

7 

28,7,44. 

38 

8 

23.8.44. 

198* 

9 

2.8.45. 

39 

10 

18.8.45. 

42 

11 

17.9.45 & 4.10.45. 

0411 


♦ i^iarly aiitimiii ram pi’ovont,eU grazing imtil toUowirig spring, 
f A volunteer (*ovor crop of wdld oats and other weeds was obtained. 

X Howm with 1 bufihel oats as grazing cover-crop. 

§ Unfemjed from field 2 and so run over wdth cattle from day of drilling. 
11 Kain fell 18.9.45 and stopped drilling until 4,10,45. 
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With a late-suinmer sown ley the main thing seems to be to avoid winter proudness.’^ 
The normal experience at Writtle has been that the initial clover “take ’’is not too good and 
that, with winter proudness, the plant has disappeared almost completely by the following 
spring. Further, comparing two late-summer-sown swards, the one that had been well 
autumn grazed was observed to have made the greater ground cover by the following spring. 

Before leaving the general question of establishment, the advantages and disadvantage® 
of the three recognised methods may be put as follows : — 

(a) Sowing in spring umler a cash cover -crop. 

Advantages. 

(i) The cost of seed is compensated by the cover crop. 

(n) There is minimum interval between the last tillage crop and the first 
grazing; the land is therefore in almost continuous producti.m. 

Disadvantayeji. 

(i) The chances of successful establishment arc relatively" poor. 

(ii) The sward often takes longer to reach full production. 

{Hi) Weeds can grow unchecked during the time the cover crop is on the land* 

(b) Sowing in spring wiihovt cash cover-crop. 

Advantages. 

(i) Spring-germinating weeds are controlled by grazing. 

(ii) Once established, the sward develops quickly. 

Disadvantages. 

(i) The chances of success are not so good as with late-surnmer sowings 
since brairding is often delayed. The chances can be improved by the 
tise of a grazing cover-crop. 

(c) Sowing in hie summer. 

Advantages. * 

(/) "Jlie chance of establishing a gootl grazing for the following year is 
fairly high. 

(ii) (lood weed control is obtained, so long as grazing commences early. 

DisadinnUiges. 

(i) Management in the autumn of establishment may prove difficult. 

(ii) Difficulty may be experienced in obtaining a good clover “ take.” 

It seems that, in Essex, practice is swinging away from spring undersowing in a 
corn crop towards (a) sowing on a disced stubble and (b) sowing after corn, in the following 
spring. 

It seems that the ley is a potential instrument in the control of weeds. One interesting 
ease has Ix^en recorded where a 1944 spring sowing, without nurse crop, resulted in a first- 
class establishment under a cover crop of wild oats ( Avena faiua). Several cases of late 
summer sowings have been recorded where blackgrass ( Ahpecurus agrestis) provided the 
volunteer nurse crop. Experimental work is needed in order to explore the position. It 
is conceivable that, in futures the particular method of establishing the ley may be related 
to the weed s})ecies present. 

T/u‘ type of ley. Although recent evidence suggests that we have reached a stage 
whem the establishment of the ley is no longer a gamble, it is not true that the ley has provided 



Leys for Dry Areas, 


159 


the answer to the main grassland problem of the dry belt — that of providing keep from the 
latter end of July until the beginning of September. To date there has been a concentration 
on the general-purpose ley and, as a consequence, grassland management has in many 
oases been made if anything more difficult. 

Past research work on management has shown that the nature of a sward is influenced 
by the method, degree and time of stocking. The indifferent nature of many permanent 
pastures, on what are considered normal fertile lands, is said to result from an excess of stock 
searching for grass when it is not there, and conversely an insufficiency of stock when there 
is an excess of keep. The keep provided by permanent grass, if plotted on a graph, would 
4show a sharp rise towards mid -May, followed by a sharp decline into a low’ trough of pro- 
•duction beginning in June and continuing into July- August ; a rise during September- 
•October, followed by a further decline into the trough of winter. The general-purpose ley 
w'ould give a similar graph, except indeed that the peaks would be higher and the troughs 
therefore relatively lower. As a result the theory of alw’ays stocking the ley up to capacity 
<iannot be applied in ordinary })ra(^tice. The difficulty may be overcome in part by (jon- 
serving surpluses, during ])eak growth |)eriods in the form of hay or silage, but the trough 
of July- August will still remain to he filled by supplementary feeding. 

The general -jnirpose ley is usually based on perennial ryegrass and white clover. 
True, as in the widely used Cockle Park Mixture, cocksfoot and timothy are often included but. 
at l(‘ast during the first few years, ryegrass predominates. Perennial ryegrass can ])ro vide 
its most u.st'ful eontrihution by supjdying early spring and autumn keep hut, with the rain- 
fall distribution of the Eastern Counties, no amount of management can extend its growth 
into July and August. Needs must that w'e look to other s})ecies to fill the gap. 

Of the grasses available several have the ability to grow^ on into the summer period 
and of these (‘ocksfoot shows the greatest promise. Of the legumes certain strains of late- 
flowering red ciov(T ajqiear quite useful, while 8.1()0 white clover has been observed as a 
very good companion to cocksfoot. It is however to lucerne that the Eastern (V)unties 
can look to provide keep under dry (‘onditions. It is in fact difficult to understand why 
the crop has not made greater progress. 

The Vau^k of Lucekne. 

There setuna little doubt that lucerne has a big part to play in the future of Eastern 
Counties farming. There is no Pritish crop plant better able to witlistand long periods of 
•dry weather, its ahjlity to enrich the land with nitrogen is unexcelled and as a cultivator of 
the soil it is unsurpassed. It has the further advantage of relative immunity from })ests 
and diseases. It i.s therefore all the less understaiidabh* tliat, since its introduction to the 
country, it has made so little progress. 

It is commonly said that the slow progress of lucerne is due to the extreme difficulty of 
obtaining good establishment but, with the introduction of a simjJe inoculation process 
whereb}’ the presence of the specific strain of bacterium responsible for root nodnlation can 
be assured, the principal risk of failure is obviated. A survey carried out in Essex in 
1944 showed that lucerne w’as being grown successfully on all classes of soil — boulder clay, 
London clay, brick earth, valley ^avel and sand. There was no indication that the class of 
soil, as such, was the limiting factor. 

All successful growers were however unanimous on two points, namely tlie need for 
drainage and for lime. The position appears to be that unless the soil is well drained success 
is impossible. As to lime, it lias long been recognised that lucerne cannot tolerafe any 
degree of soil acidity. There are moreover indications that on certain soils, acidity 
must be counteracted some years in advance of sowing if successful establishment is to be 
ensured. Further investigation is necessary since it is probable that the condition of the 
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subsoil may have a marked influence on the position. The foregoing remarks apply in 
]>articular to a good deal of the London clay in Essex ; much of this is deficient in lime and 
here establishment is by no means certain. On the same soil, but with a different farming 
history and so no lime deficiency, lucerne is one of the most successful crops grown. 

When lucerne is discussed the question of weeds must arise and certainly they are a 
limiting factor both as regards establishment and also as regards the length of life of the 
crop. The markedly slow growth of the ])lant in its first year tends to allow weeds to get 
the upper hand. Hence there seems no doubt that success with lucerne demands good 
farming. Its establishment after a long line of cereal crops, with the increasing wfH*.d flora 
that this commonly implies, becomes well nigh impossible. 

The c^oncensus of opinion of successful growers is that sumiiK'r and autumn weeds 
are the chief trouble. The chief weeds falling in this class are cliickweed {Stellaria wedia)^ 
corn chamomile {Anthemis arvensis L.), mayweed { Anthem is cotuh L.), groundsel (Sene- 
do vulgaris L.), corn speedwell ( Veronica agrestis L.), and fat hen ((^henopodiurn album L.). 
The upshot is that more farmers are sowing in the spring than in the late summer. Further 
a good many claim that, by imdersowing in corn, the weeds are checked and that, although 
perhaps the lucerne in not so strong in the first year, it ultimately comes away the better 
crop. Nevertheless a fairly strong school exists in favour of early July sowing, after 
a summer fallow. The position can ])robal)ly be stated that, before sowing lucerne, 
a field free from weeds must be available. A summer fallow' cannot be relietl on to kill 
annual weeds, but, managed correctly, it can result in the firmly (;onsolidatf*d sced-b(‘d 
that is essential to the crop. (The a})parent contradiction in the for(‘going can be (‘xplained 
as follows : — annual w(‘eds germinating in the spring, and mon* esjaMhilly the prostrate 
ones, are stunted by the effect of the (»orn cover-crop ; siibsecpu^nt to a summer fallow, 
remaining weed seeds germinate wdth rapidity and, the prostrate^ ones in ])arti(Mdar, erow'd 
out the lucerne*). 

One of the more difficult decisions to make on a farm is whether a take of lucerne is 
or is not good enough to l(*ave. Experience has led to the conclusion that a good many 
establishments are prematurely given up for lost. Many cases have been recorded wdiere 
what a})pearcd to be ai\ almost compUde failure has turned into a cpmpl(*te success by the 
end of the first harvest year. In this eonntxion mention should be mad<* of the strain 
Grimm whose establishment is exceptionally slow. 

In order to ov(‘rcome the* difficulties of the establishment year some farmers include 
short-lived comj)anion ]>lants such as broad red clover and Giant sainfoin. Insufficient 
evidence is available to reach a conclusion on the value of this pracjtice. 

Even w hen successfully t*stablished the life of the ley is often no longer tlian four or five 
y<*ar.s, since by then so many wwds are present (and so little lucerne) that the plough is 
the only answer. Many attempts have been made to overcome the difficulty and these may 
Ik* grouped into two broad classes (/) the use of (ultivations (ii) the use of companion crops. 

(i) The kind of cultivation that will Ik* j)ossibIe is of course determined at the time of 
drilling and it is at this stage that two schools of thought arise. One maintains that drilling 
should he in 12 in. rows to allow of subsequent inter-row cultivations, the second that 
drilling should Ix^ in rows as dose as possible, either 3L4m. drills or alternatively 6 or Tin. 
rows in two diredions. The second school has in mind that, if closely drilled, the crop will 
act as its own smother against weeds. There is no precise experimental justification 
for the first method, and ceriainly it is often the case in practice that the inter-row 
cultivations, for some reason t>r other, are not affected. On the other hand, although 
it is far from complete, the experimental evidence available does show that greater yields of 
lucerne are obtained by closer drilling. There is however little or no evidence to show that 
weed infestation is reduced. 
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J)rastic cultivations by moanS of heavy harrows, and even disc harrows, are advocated 
by some successful growers ; some even go so far as to say that in the late winter or early 
spring the field should lx* left with the apj)earance of bare land. There is no doubt that 
considerable damage to the crowns of thf* plants results from such treatment and it is quite 
possible that, though the primarv' object of weed destruction is a(*hieved, the yield of the 
(Toi> may suffer. This is another point worthy of accurate investigation. 

The me of Companion Crops. The use of companion or “ smother ” <Tops in order 
to oe(tupy ground to the exclusion of weeds, is showing great promise. Experimental 
evideru'e to date indicates that the main j)urpose can be achieved and at the same time 
yields enhanced. The two most promising companions appear to be cocksfoot and white 
(dover ; other possibilities are timothy and meadow fescue. Perennial ryegrass is used 
by a good many but its habit of growth does not fit in too well wdth that of luc(*rne ; neither 
(^an it be expected to make any contribution to the keep during the months of *fuly and 
August. 

The UfiJisatkm of Lace me. In tlie past the main purpose of lucerne has been to 
suj)ply hay. (3 ranted good methods of haymaking, then* seems little doubt that lucerne 
hay could be a main souiv^e of home-growm protein. Certainly the past few years have 
shown clearly that it is more* reliable than the winter bean eroj). 

TIh* f)ra(*tiee of grazing lucerru* is on the inerease and tlu* method of taking a cut of hay 
and grazing the aftermath is gaining considerable popularitN . The use of th(* electric* fence, 
as a cheap and ready metluKl of folding cattle over the crop, provides a means of over(*oming 
botli tlu* difficulty of palatability and the danger of hoven.*' 

Skeds Mixti^rek. 

ddu* history of seeds mixtures is of .some t'onsiderable interest. The sin^ple mixtures 
advocated today have coins* a long way round in the past 200 years, in .some res{)ects they 
have now made a (;onij)lele circle. In the 18th eentury simple mixtures of ryegrass, trefoil 
and (rlover were used. Early in the 10th century, chiefly as a result of Sinclair’s w^ork at 
Woburn, num* (jomple.x mixtures became the fashion. The mixtures made full use of all 
tlx* grass species w^e kno>v today, with clovers, vetches and other good old grassland herbs. 
As the (century advanced the tendency wm towards com[)lcxilv and this culminated in the 
extremely (iompl(*x mixtures of Elliot. It w^as largely the work of Gikihrist at (; 0 (*kle Park 
that led us back to the simple mixtures — the simple mixture he advocated at the beginning 
of tliis century is still the most ]K)pular today. He w as perhaps the? first, with his use and 
r(»(^ommendation of New' Z(*aland eo(^ksfoot, to appreciate the importan(*e of strain or tyjx^ 
in grasses. 

It is mainly to the Aberystwyth team of workers that we owe the introduction of 
inqiroved strains of grasses and clovers. But, w'ithout in any way decrying tlu* j)ok*ntial 
value of the now strains, it is true to say that we have no exact evidence that they are 
superior under Eastern-Counties conditions. In theory a good many of them should suit, 
and certainly this seems to be borne out by practical experienc.c. llieir relative shyness 
in throwing up seed heads does make pasture management easier : but against this it is 
sometimes claimed that })aiatability has been lost to some extent. 

The species amilable with e'special reference to strain type. Before considering types 
of seeds mixtures an attempt will be made to discuss the sptuues available with special 
reference to strain types. Evidence cannot be complete until such time as experimental 
work has been carried out. That a sward looks ideal to the human eye does not of necessity 
imply that the grazing animal will thrive any the better. 

perennial ryegrass. As has already been stated perennial ryegrass can be exjiected to 
make its piain contribution from early spring to mid -June and again from September 
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oiiwards. The indicatioiiB are that S.23 and S.lOl will carry on into the fore part of the 
dry season, but this is as a consequence of their later spring start. Under Essex conditions 
the indications are that S.24 or New Zealand Permanent Pasture Ryegrass will prove to be 
the moat valuable strains. The main criticism of “ commercial ’’ seed is the extreme 
variability of different parcels ; a good many have the disqualifying feature of starting 
stem and seed production almost as soon as they germinate. 

Cocksfoot. It is in the main to cocksfoot that we can look for the provision of grass 
keep in what we know as the off seasons. These include not only July and August but to 
some extent the late autumn and winter months. Since consideration of the latter period 
brings in the question of livestock management and housing in relation to the physical 
condition of the soil (particularly in regard to poaching) little attempt can be made to 
include it in the scope of this paper. Nevertheless the problem is there for the investigator 
to tackle, and from a technical viewpoint it is not beyond solution ; time will tell whether 
the practical considerations prove a complete stumbling block. 

So far as grasses arc concercnd, the fact seems to be that it is with cocksfoot strain ^ 
that Aberystwyth has made its greatest contribution to the Eastern Counties problem. 
Observation points to S.37 and S.26 as the most promising companions to lucerne, while 
S.143 may prove the best for inclusion with white clover. Mention should be made of New 
Zealand Akaroa since it also appears to be a useful type, similar in growth habit to S.37. 

Timothy. Timothy is commonly associated with conditions of high fertility and high 
moisture. For all that, observation over the past four summers (years when rainfall has 
l>eon below average) has shown timothy making a substantial contribution to the keep — 
meagre indeed — of permanent pastures in July. Normally a late starter in spring, it seems 
capable of playing some part in providing grazing at the beginning of the dry summer period. 
It has been recognised for some time as a companion plant to lucerne. More experience is 
required before specific use of the grass can be recommended, but if it is to play a part in 
the dry, scarce-keep j)eriod it would certainly seem that those strains which are late in 
throwing up seed heads will be the more useful, i.c., S.48 and S.t51. 

Other grasses will need to be considered and studied in relation to July- August growth, 
and these include meadow^ fescue, Bromm inermis and Phalaris tuberosa. 

Clovers, Evidence is available to show the wisdom of including a proportion of red 
clover in the long ley. The purpose served is two-fold ; its quick development provides a 
substantial proportion of the first few years’ keep, and also a quicker ground cover is effected 
as a guard against the invasion of weeds and to some extent against drying out. The position, 
however, would seem somewhat changed with the advent of S, 100 white clover. Of all the 
herbage plants introduced by the Welsh Plant Breeding Station, there can be no doubt 
that S.lOO white clover is the most popxilar in the Eastern Counties, Its rapidity of devel- 
opment, (ioupJed with a remarkable rate of recovery after hard grazing and its ability to 
withstand high tem]>eratiireK better than the English or wild white types, make its inclusion 
in most mixtures a matter of obvious wisdom. It can certainly, compared wdth wild white 
(;lover, be criticised on the score of palatability but observation has shown it to equal red 
clover in this respect. Without in any way belittling the importance of palatability, the 
l)oint should be made that palatability is of comparatively small importance in times of keep 
scarcity. The position of S.lOO in relation to red clover and wild white clover needs further 
examination. In tht? meantime, the inclusion of a persistent type of the red should con- 
tinue, while with leys of longer duration than three to four years, wild white clover cannot 
be omitted. 

Lucerne. Pre-war work on lucerne strains can be discounted to some extent owing to 
the prevailing limitation of supplies. Such work indicated the superiority of Grimm 
but despite this the more widely used strain was Provence. There can be Uttie doubt that 
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a wide variation exists in the strains of Grimm available today. The present position is 
that one cannot be exacting as to strain, but there can be no doubt that, with a return to 
I)eaoe, great improvement should be looked for in the future. The indications are that 
North America, Australia and New Zealand are considerably ahead of us in the matter of 
lucerne strains. 

Sainfoin, The position here is that the more ]^)ersistent strain, the Common, is very 
difficult to obtain in a pure state ; • most commonly it is mixed to a greater or less extent 
with the less persistent strain Giant. The work of the Seed Production Committee, Cam- 
bridge, in tracing stocks of the Common type should effect a considerable improvement of 
the })Osition in time. 

Specific Seeds Mixtures. The following mixtures, based initially on tlu^oretical con- 
siderations, are proving satisfacitory under Essex conditions 
(a) General Purj)ose — Ryegrass Ley. 

IS lb. S.24 perennial ryegrass 

6 lb. S.23 

2 lb. Montgomery Late Flowering Red Clover. 

1 lb. S.lOO white clover. 

1 lb. Wild white clover. 


2S lbs. per acre. 

(h) Drought Grazing — Cocksfoot — White clover. 
6 lb. 8.23 perennial ryegrass. 

14 lb. 8.26 or 8.143 cocksfoot. 

2 lb. 8,l(K) white clover. 

1 lb. Wiki wliite clover. 

23 lbs. ])er acre. 


(c) Hay, Silage and Drought-period Grazing, Lucerne — Cocksfoot. 
6 11). 8.37 Cocksfoot. 

4 lb. S.48 or 8,51 timothy. 

16 lb. Lucerne. 


26 lbs. ])er acre. 


Mixtures {a) and (b) can be sown with 4 — 6 lb. Italian ryegrass if desired. 

Management. 

Under the regime of ‘‘ grassland mindedness,'’ management had come to be a matter 
of manuring, liming and cultivations ; with the prevailing trend towards “ grass conscious- 
ness ” it is becoming recognised as involving much Mider issues. 

It is true to say that the eventual nature of the sward is determined by the manner in 
which it is treated. Each herbage plant reacts in a different way and one species can be 
encouraged to the detriment of another. The management, especially in so far as stocking 
is concerned, should be varied according to the seeds mixture sown and to the purpose that 
the ley is intended to fulfil. 

Ryegrcm — White clover leys. The ryegrass ley will make its principal contribution 
^ the spring and early summer and again in the autumn. The main point in management 
is a period of complete rest during the winter months ; grazing should cease earlier in the 



164 


Leys fdr Dry Areas, 


autumn on such fields as are to supply the earliest spi'ing grazing. From a manurial 
standpoint ryegrass leys demand a high level of fertility. The fertilizers to be supplied 
will depend on the type of livestock grazing ; for example, if cows are used more fertility 
will be taken off, not only in milk, but also because a good ]iroportion of the dung and 
urine will b(» excreted away from the field. Normally nitrogen will not be required with a 
well established ley on land in good (condition : the frequent use of relatively small amounts 
of superphosphate or basic slag will generally meet the position. Even wherc^ tlie earliest 
bite is required the resting of the field early in the autumn seems to be more effective than a 
spring ap]>lication of nitrogen. Where, however, nitrogen is required preliminary evidence 
seems to indic^ate tliat late September or early October dressings are better than February- 
March applit‘ations. 

The practical belief that nitrogen dej)ress(\s the clover content of a sward seems to be 
true when the resulting extra growth of grass is not well grazed, for then the (tiovers, being 
prostrate in their normal growth, are forced to weaken themselves in competition. Perhaps 
of more practical significance is the fact that the ])ractice of nitrogenous top dressing is most 
prevalent on dairy farms and, as a (consequence of the enhanced grow'th, more (cows are 
carried, more dung and urine arc excreted away from the field, and so considerable quantities 
of potash and phosj)hatc arf‘ lost. This, unless rectified, leads in turn to a rediuced (dover 
population. 

ik)clcsJoot — ivhifc clover leys. (^o(cksfoot ley can sup{)ly keep at three* jieriods of the 
year according to its managemcHit — very early spring, July, and late autumn. 

As regards manuring, the principles as given for the r\(^grass h^y seem to a[)ply eiiually, 
except perhaps that, since clover does not flourish to the same extent with cocksfoot, there 
may be a greater (*ase for the judiccious use of nitrogenous top- dressings. 

With a ley rested from late summer onwards, keep of high quality can be ex|)ectod in the 
late* autumn, wiiich keep, howevc*r, can be left over to the very early sjuing. Whert* keep is 
required for July the indiccations are that a comph*te rest from grazing should be allowed 
during the months of May and June. De|)ending on the early spring treatment an early cut 
for hay or silage could be taken towards the end of May to produce aftermath grazing for 
July. C'oeksfoot will not stand continuous hard grazing, so that the main (consideration 
is to allow^ relativ(*l\’ long j)eriods of r(\st between grazings 

Lucerne — Cocksfoot. PVom a grazing viewpoint, the main ])urjMjse of the lucerne ley 
is to supply keejj at the height of the dry j)eri(ij(l. N(u*mally the crop is ready to cut for hay 
at the beginning of June and if then cut the plant will produce adetpiate afUTinath grazing 
in July and August. This mixture ley tends to be un})alatable and it would therefore seem 
to be sound practi(ce to (cut for hay at different tim(*s so as to give a suc(?e8sion of aftermaths 
for grazing. The use of the electric feming unit has j)roved of great assistance in securing 
€wen grazing. 

Lucerne, (‘V(*n more than cocksfoot, suffers badly from close grazing coupled with short 
grazing intervals. The ability of the plant to thrive seems to dej)end on its being able to 
build up large root reserves. Recognising this, one school of practical thought insists that 
IiKterne should be rested completely from the beginning of September onwards. It is, 
however, interesting to note that another school is ecjually emphatic that grazing can 
(^ontiniK* with absolute safct\ up to the New^ Year. This apparent contradiction can 
perhaps be explained because*, granted the observance of a long enough rest in late summer 
and earl}" autumn, subsequent grazing up to the New" Year, or even later, can do little harm 
to the lucerne, sinc'v by tlien the (*rop will have died back and the crowns ^ill be adequately 
protected from damage. In fact it is possible that good would accrue, since grazing would 
be supplied to a large extfmt by weeds. 
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Conclusion. 

An attempt has been made to })ortray the ley problem in relation to dry oonditions. 
The Htatimients of other writers have not been slavishly followed, but rather the case has been 
built on cvidenc^e supplied by experiment and observation. That the attempt is not com- 
plettjJy sue.cessful is understandable, for there is a serious deartli of precise evidence. 
MiKJh work remains to be done, the grass crop does not lend itself too well to exat^t 
(experimentation and it would seem that the answer to a good many of the problems can come 
only as the result of ])raetical trial and error. 

Looking to a future period of stability, a future wh(‘ri a balanced farm system will 
be not only a profitable undertaking to the individual but an economic necessity to a well- 
run world, then^ c^an b(‘ no doubt that the ley will play an ever increasing part ; the drier 
arenas of the eoinitr^- will be no exception. 
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CROSSBREEDING OF SHEEP 


Throuchottt the development of British agriculture, from the comparatively simple 
manorial and earlier systems to the complex organization of i)rodiiction and marketing 
characteristic of present day farming, sheep breeding has coiivsistently occupied a position 
of considerable importance. 

V^ariations in the niinibers of sheej) in Grc^at Britain in the last 40 years are illustrated 
by the returns in Table I. 

TABLE 1. 

Total Numbers of Sheep. 

Vnrifjtion 



1898 

1908 

1918 

1928 

1938 

1938/1898 

Percent, 

England 

15,673,300 

15.707,666 

12,770,925 

12,389,120 

13,344,767 

-14.9 

Wales & Momnoutli 

3,481,946 

3,972,569 

3,704.250 

4,000,484 

4,567,741 

( 31.2 

Scotland 

7,587,948 

7,439,405 

6.878,198 

7,578,704 

7,969,482 

4- 5.0 

Great Britain 

26,74.3,194 

27,1 19,730 

23,353,373 

23,968.314 

25,881,990 

— 3.2 


It will be seen, apart from the influence of the Great War, that the numbers of sheep 
and the imj)ortance of the shec^p industry have been steadily maintained, excepting in 
England, where the numbers declined by about one- seventh between 1898 and 1938. 

In view of the progressive trend towards the marketing of shee}) as fat lambs, the 
number of breeding ewes Avill probably give a better index of the trend in sheej) bret^ding than 
one based on the total numbers of sheep. 


TABLE 11. 

Number of Ewos kept for Breeding. ' 


ISOS 

England 5,791,357 5,015,356 

Wales & Monmouth 1,359,764 2,006,494 

.Scotland 2,986,811 3,383,696 

Groat Brit am 10,1 37,932 1 0,405,546 


Variatio7h Percent 
—13.4 
-h47.6 
M3. 3 
-f 2.6 


These figures generally confirm those in Table I, but reveal a smaller decline in 
sheep breeding in England and a considerably greater increase in both Wales and Scotland, 
with the result that, in Great Britain as a whole, there has also been, not a decline, but a 
slight increase in the importance of the sheep industry as measured by the numbers of 
breeding < wes kept in 1938 when compared with the corresponding figure in 1898. 

In earliest times, sheep were raistMl on pt^rmaneni natural grassland in much the same 
way as hill and mountain breeds are reared to-day. With the development of arable 
farming, however, and, in j>aiticular, with the general introduction in the 18th century of 
restorative crops, such as roots, and grass and clover leys, many breeda of sheep were 
gradually tTUiLsfcrred from grassland to arable land, where, in association with the Norfolk 
Four Course, the Wiltshire and other like rotations, they have been treated as hurdled flocks, 
being ke]>t on arable land almost the whole year, consuming crops specially grown for them. 

kSo long as corn pricers Mere good and wages remained relatively low, the association 
of sheep breeding with corn growing on medium and light soils was profitable to the farmers 
and beneficial to the land and arable flocks spread throughout the corn growing districts 
of Great Britain. It was in this relationiihip with com growing on light arable soils that the 
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term ** Golden Hoof ” passed into common usage in connection with sheep. In recent years, 
however, the prices of com and of fat sheep have failed to keep pace with increases in wages, 
with the result that the gold of the “ Golden Hoof ” has to some extent become tarnished. 

White (1), in a paper read to the Farmers’ Chib in 1929, drew attention to this matter 
and produced figures to show that there had already, at that time, been a considerable 
decline in the numbers of sheep in the arable com growing counties, and a corresponding 
increase in sheep breeding in the grassland and mixed counties. He coneJud(d that grass- 
land sheep generally, and the hill breeds and their crosses in particular, were likely to become 
progressively more important in the general pattern of sheep breecling in this country. 

Askew' (2) has published figures confirming the decline in the numbers of certain arable 
breeds of sheep in their home districts, and illustrating the increase in crossbreeding, 
presumably mainly with ewes of the gimsland type. 

Thomas (8) has suggested that there may be a revival in arable sheep farming provided 
more efficient methods of crop growing, crop utilization and flock management can be 
achieved, but has failed to enlist much support for this point of view . 

Though one may deplore the disaiipearance of the picturesque and useful relationship 
of hurdled flocks with corn growing, it seems probable, when existing war-time conditions 
have passtxl by, that the trend towards the extended ley and the alternate system of 
liushandry — first arable crops, then leys, then arable cro])s again — will b(* resumed, together 
with a parallel increase in the popularity and in the numbers of grassland shet*f) and of the 
“ dual-purpose ” brei^ds and crosses, ?.c.. those suitable t)oth for grassland and arable 
conditions. 

The World War has brought radical changes to British farhiing : much gi^assland has 
been ploughed up to increase HiC output of direct human tood crops and, with the exception 
of dairy cattle, all classes of farm livestock have, as a restilt, declined very considerably in 
numbers. 
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T.\B1.E III. 

>JiUTi>)or of Ewes Kept for Breeding. 

1940 1941 1942 

1943 

1944 

Variation 
1944 1939 

Fiii|;laiid & Wales 

7,1(>0,0(JO 

0,058,000 5,795,000 

5,507,000 

4,985,CM>0 

4,893,000 

Percetit, 

—31.7 

United Kingdom 

10,975,000 

10,087,000 9,229,000 

8,vH52,000 

8,201.000 

8,165,000 

—25.0 


The remarkable increase in food production in this country during the war has not been 
achieved without some loss of fertility from the soil : this loss should be recognised by all, 
but must not be accepted as permanent by those who have the ultimate well-being of 
British farming at heart. 

The Minister of Agriculture has already made it clear that, in his view, a return to mixed 
farming is desirable and that the time has come to plan for the substitution, in 1947 and 
subsequent years, of leys and other restorative crops, for a proportion of the large area of cash 
croj)8 now being grown. This development must clearly be accompanied by the roaring of 
more livestock to consume the crops grown and to supplement the meagre stipplies of fresh 
meat now being produced in this country. By these means, British farming can be geared 
down from the exhausting tempo of war-time food production and the soil restored to a 
state of health and fertility. 

In this process, sheep will undoubtedly play an important part, especially in light 
land com growing districts, and their numbers should therefore be restored, as ciuickly as 
possible, to levels similar to those existing in 1939. It is important that the expansion of 
sheep breeding shall be on sound lines, and that the general policy of sheep farming, as well 




170 


Crossbreeding of Sheep, 


It is desirable, therefore, that an endeavour should be made to increase the weight and 
quality of the fleece, provided the value of the flock for meat production remains unimpaired. 

Fenanoial Considerations. 

The profit from roaring a fat hogg or a fat lamb is represented by the difference between 
the cost of production and the selling price. Individual farmers can increase the selling price 
only by producing high quality fat sheep and, thereby, obtaining such premiums as are paid 
for quality ; on the other hand, the cost of rearing sheep varies widely according to the 
suitability of the methods adopted, and it is capable of being reduced to a lower figure on 
many farms by the adoption of better methods of breeding, feeding and general manage- 
ment. 

We must first imlise that the cost of gi’owing or buying the necessary feeding stuffs 
accounts for considerably more than one-half of the total cost of sheep rearing, so that a 
prosperous sheep industry can only be established and maintained where the management 
of grassland and the growing of arable crops are satisfactory, thereby ])roviding a suitable, 
adequate and cheap diet for the sheep. 

Apart from the cost of producing or purchasing feeding stuffs, many of the most 
important characteristics governing the cost of tearing fat sheep and, therefore, the profit 
they leave, are inherited breed characteristics, so that it is of paramount importance that 
the breeding policy adopted shall be sound, and that the selecting of breeds and crosses 
for each particular purpose and set of circumstances shall bo done with discrimination 
and skill. 

Amongst the inherited characteristics which affect the cost of producing fat sheep, 
the following are probably the most important : — 

(1) the hardiness or thriftiness of the breeding ewe and therefore the cost of keeping 
her : 

(2) the fertility of the ewe and the number of lambs that she produces : 

(3) the mothering and suckling qualities of the ewe and therefore the number, weight 
and condition of the lambs she rears : 

(4) the rate of growth and fattening and therefore the final weight and carcase quality 
of the fat sheep sold : 

(5) the wearing qualities of the ewe and the depreciation that must be charged against 
the rearing of each lamb. 

The ideal ewe should have a long and satisfactory breeding life and should rear a 
good })crcentage of tmns, so that the depreciation to be cliarged against each 
lamb will be at a minimum. 

In deciding the particular breeding policy and in choosing ewes and rams for breeding, 
it is clearly necessary to bear in mind the importance of thriftiness, fertility, mothering and 
milking qualities and long breeding life in the ewe, as well as size, conformation and other 
qualities in both the ewe and the ram. 

There are in this country at least 28 distinct brotids of sheep, as well as numerous re- 
cognised crosses, so that the problem confronting breeders to-day is not one of producing 
new breeds suitable for local conditions, but rather of selecting, from amongst the breeds 
and crosses that are already available, those most likely to give satisfactory results. 

BREEDING POLICY. 

The first cleavage in breeding policy is that of pure breeding compared with cross- 
breeding, Formerly the majority of sheep reared in this country were pure-bred, but, in 
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the last 30 to 40 years, crossbreeding has been widely adopted, except on hill and mountain 
grazings, where the hardy, purebred hill and mountain sheep are still maintained, and on 
those lowland farms, steadily diminishing in numbers, where purebred flocks of sheep of 
the Down and Longwool breeds are still kept, mainly now for breeding rams. 

The general pattern that has developed m sheep breeding in this country can best be 
followed by tracing the breeds and crosses from the mountain grazings through to the low- 
land farms. On high, poor mountain ranges, above the 700 feet contour or thereabouts, 
the sheep kept are almost exclusively of the purebred mountain breeds, e.g, Scotch Black- 
face, Cheviot, Swaledale, Welsh. On the lower slopes, that is below about 700 ft., draft 
purebred ewes from the mountain flocks are extensively crossed with lowland rams, for 
example with Border Leicester rams in Scotland, Wensleydale rams in the North of England 
and rams of such breeds as the Kerry Hill in Wales. In addition, there have been dev- 
eloped on these upland grazings in Central Wales and the West Midlands, the Kerry Hill 
and Clun Forest breeds, which correspond very closely in size, hardiness, fertility and suck- 
ling qualities with the first cross owes from the mountain breeds, such as the Greyface (Border 
Leicester x Blackface), North (Border Leicester x Cheviot) and Masham (Wensleydale x 
Swaledale). In the Border country between England and Scotland, the North (Border 
Leicester x Cheviot) has also, to some extent, been developed into a 2 >urebred tyi^e, by 
breeding together North rams with North ewes and bj" careful selection amongst the 
succeeding generations. 

The ewes of these upland breeds, the first cross ewes from the mountain breed and, to 
some extent, the purebred mountain ewes also, are ex^^orted to lowland grazings, e,g.y the 
Midlands, East and South-East of England, where tlie}^ are kept in flying flocks and crossed 
with rams of the Dowm and Longwool breeds for the i>roduction of fat lambs and hoggs for 
fattening on roots. 

On these louland farms, it is a common {practice to market all the lambs, both males 
and females, cither as fat lambs or fat hoggs, or as stores for fattening on roots. 

It has been the general experience of lowland farmers that a scheme of regularised 
crossbreeding, as outlined above and based on the mountain and hill ewe, has proved the 
most satisfactory system of breeding for their purpose, and one which has given ])rofitable 
results. This conclusion is so widely held amongst lowland farmers that om^ cannot but 
assume that it is well founded ; and it is interesting to sf^eculate as to w hy crossbreeding 
should give better results than pure breeding with the improved lowland breeds. It is 
probable that the disadvantage of pure-breds, as such, is attributable to the difficulty that 
has been experienced in evolving pure breeds combining, in high degree, all the character- 
istics that are necessary to ensure success in sheep breeding on a commercial farm. 

Those lowland breeds in which by careful selection, fleshing qualities, early maturity 
and good conformation have been developed, have generally lo.st to .some degree, in the 
process, the hardiness, fertility and suckling qualities that are so necessary in a ewe on a 
commercial farm. Fortunately, the hill and mountain breeds and their crosses, though 
lacking flesh, early maturity and to some extent also the carcase quality of the lowland 
breeds, have retained their primitive hardiness and inherent fertility, besides the capacity for 
producing a good flow of milk on poor grazings. 

The crossing of these hill and mbuntainewes, and of their first-cross daughters, with well 
grown, deep-fleshed, high-quality lowland rams produces big crops of lambs which inherit 
size, flesh and carcase quality from their sires, and, by reason of their mothers' good 
suckling qualities, are able to develop these characteristics to the full and, therefore, to grow 
into profitable fat sheep. 
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It is probable that the expansion of sheep breeding in this country in the future will 
be mainly on grass leys provided by tlie system of alternate husbandry, and that, on 
ordinary lowland farms at any rate, the system of bn^eding is likely to continue to be based 
mainly on regularised crossbreeding, on the general lines outlined above. 

The next stej) must be to sift such evidence as is available on crossbreeding in shee]> 
with the object of obtaining some guidance as to the selection of suitabk* breeds and crosses 
of ewes and of rams for each purpose and set of conditions. 

The problems of cTossbreeding in shee[) can conveniently be divided into two parts, 
viz : — 

(1) the selection of breeding ewes for crossing : 

(2) tlio (dioice of rams for crossing. 

The limited evidence available on the mc^rits of some of th(‘ inunerou , breeds and 
crosses of sheep in this country has he'en summarised uiuler thc^se two heaelings. 

SELECTION OF BREEDINO EWES FOR CROSSTNO. 

The ide'al breeding ewe for crossing on eouinurcial farms must he thrifty, prolilic, a 
good mother and a good suckler, and posse*ssed of good wearing Cjualitie^s. There is, 
unfortunately, little information on many of these points, and on others none at all. 

Data on th(‘ fe^rtility of purebred sbet'p have been collected and published by Heape 
(5) and by Nichols ((>, 7, 8) and is siimmarise^d below. 


TABLE \\. 

Fertility in Pnri’bred Shoe]) m Purc))ml Matings. 



HKAPK 18<m 1S»7 

NK^HOLS 

1923 1924 

NICUOI 

.S 1924/192 

5 








Lambs ])ct‘ 

Breed, N 

o. of Kwes. 

] jambs jier 

No. of Kwt‘s 

Lainb.s por 

No. of 

bainbs per 

ew(' 



100 ewe»H. 


100 ewes. 

Fhv(‘s. 

100 ewes. 

(Mean of 






1 


all records) 

Border Loi<*(f.ster 

- 


6.51 

207.0 

215 

181,0 

2.00 

Leicost or 

- 


434 

1.52.1 

189 

163.0 

1 . 5.5 

Suffolk 

7,170 

141.77 

1,003 

148 7 

469 

144.3 

1.43 

Shrofishire 

S,044 

136.79 



768 

162.4 

1.39 

Dors(*t Horn . . 

S,lf)3 

123.63 

2,096 

1.50.9 

731 

136.9 

1.30 

Oxford Down . . 

3,1H9 

119.16 

3,465 

138,4 

6.54 

126.9 

1 . 29 

Kent 

S,4S] 

124.05 

-- 


316 

128.5 

1.24 

Hampshire 

IH.SOO 

114.69 

2 328 

121.7 

314 

131.8 

1.15 

Southdown . . 

7,834 

109.89 

961 

127.3 

5.014 

119.3 

1.14 

Lincoln ... 

10,789 

111.1 

1,375 

128. 1 

398 

138.9 

1.13 

Blackface (Scotch) 

- 

- 

5,768 

91 . 75 


— 

,92 


Both investigators indicated that, in some cases, the returns were of lambs reared, and 
did not give an exact picture of true fertility, but, at the same time, the figures do give an 
indication of the relative fertility of the breeds studied in those years. Both Heape and 
Nichols concluded there ^cre l)reed differences in fertility in sheep, and that fertility could 
be enhanced by good management and, liarthiularly, by flushing the ^es and thereby 
bringing them into good condition at tux)ping time. Hammond (9) has also described 
the practice and underlin(3d the importance of flushing breeding ewes in order to obtain 
maximum fertility. , 





Crossbreeding of Sfmep, 


173 


WILTSHIRE CROSSBREEDING TRIALS WITH SHEEP. 

The resultfci of crossbreeding trials in Wiltshire in 1031 have been reported l)y Price 
(10) and are summarised below. 



Matings 

TABLE \\ 
with Hampshire 

Down Hams. 


No. of 

\f). of lambs 
eoneoived 

Lambs reared 

Average live weiglit 

Average weight of 

CWOH. 

per 100 owes 

per loo ewes. 

of lambs w^eaned 

lainVis reared per ew^o 


put to ram 

(lb.) 

(lb.) 

Kerry Hill 40 

100 

1 ..3S 

71.1 

98.1 

Suffolk X Nortli 40 

100 

1.44 

71.8 

103.4 

Exmoor Horn 40 

153 

1.32 

07 0 

90.5 

North (B.L. x 
C'heviot) (2 toeth) 4o 

140 

1.27 

73 7 

93.0 

Cheviot 4( » 

140 

1.35 

04.7 

S7.3 

Sou thf town X 

Kent 40 

134 

1. 10 

00.7 

82.9 


In the Wiltshire^ re])ort, the value of twinning is particularly emphasised, also the use- 
fulness of flushing the ewes as a means of increasing thtnr fertility. 

Bonsma (11) in South Africa has recently juiblished the results of a comparison of the 
milking (jua]iti(*s of Merino t'wes with those of cros-sbreds out of tJie Merino, by rams of 
tlu? Romney, Ryeland, Dorset Horn, Border LeiceskHr and He de France breeds.- He has 
also compared th(‘ milk yields of ewes of the Blackhead Persian breed with crossbreds out 
of this bn^ed, by Suff(»lk and Dorset Horn rams. The n^sults are set otit below. 


Breed. 

TABLE VJ. 

Average Total Milk Yield for 11 week Laetation 
Period for Diffei'f ‘nt Bre.'Hlfi and (Vosses 

Average 

No. of la<*tation^ Milk Yield] Standard 

Milk yield expro.ssed 
as of Production 


Reconled 

in 07S, 

Error. 

(if Basic Brecsls. 

Merino ... 

,88 

2.030 

08 0 

l(» 0 .o 

Homiiey X Merino 

24 

2.890 

105.0 

141.7 

Uyeland x Merino 

24 

3,075 

±177.7 

150.8 

Dorset Honi x Merino 

22 

3,301 

-kl8l 0 

101.9 

Border l.^ic'e.ster x Merino 

27 

3,458 

±171.8 

109.0 

lie de Franco x Mitiiio 

33 

3,538 

±122 8 

173.5 

Blfiekhotid Persian 

4(» 

1.071 

± 38.0 

100,0 

Suffolk X Blaekliead j’ersian 

22 

2.0,32 

±1 7(^.3 

245 7 

J>orst*t Horn x Blaekhead Persian ... 43 

3,314 

^ 151.4 

309.4 


These results are of great interest in that they represent the only exact evidence that is 
available on actual milk yields of ewes produced by crossing w ith British rams. I'he number 
of rams tested in each bleed is small but the results point to the transmis.siou of relatively 
high milk yields by the Border Lcieester and the Dorset Horn rams, wiiich confirms the 
general impression of sheef> farmers in this country. 

As one would exjiect, Bonsma found a ver\' close eorrespondenee between the live 
weight gains made by the lambs and the milk yields of their dams, as determined in the 
experiments. 

YORKSHIRE CROSSING EXPERIMENTS. 

A number of sheep crossing experiments have been carried out at Garforth and at 
Askham Bryan by theTate Professor R. S. Seton and his staff in the University of Leeds in 
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asBOciation with the Yorkshire Council for Agricultural Education. Robertson (12) has 
reported in detail on two of these experiments and the writer (13) has summarised the results 
of some of the other experiments in a paper read at the meeting, in October 1944, of the 
British Society of Animal Production. 

The earliest experiments at Garforth, extending over a period of 20 years and involving 
about 1,400 ew^es, were designed to determine the merits of the North ewe (Border Leicester 
X Cheviot) compared with purebred Lincoln ewes. The results of these trials are sum- 
marised in Tablq Vll. 


TABLE VJL 

Matings with l..inroln, Oxford, Suffolk, Hampshire, 

Shropshire, Weiisloydale & Leicester Hams. 

Breed of ewe. 

No, of 
ewes put 
to ram. 

No. of lambs No. of lambs 
born per ewe reared per ewe 
put to rain. put to ram. 

Live weight 
of lambs w’hen 
weaned (lb.) 

To+al live weight- 
of iambs per ewe 
put to ram (Ib.) 

North (B.L. X Cheviot) 
Lincoln 

704 

682 

1.66 1.45 

1.36 1.02 

88.2 

89.9 

128.29 

91.45 


In these ex|)eriments, the ewes were mated with rams of various breeds, but through- 
out, the North and Lincoln ewes were kept under the same conditions. The figures in the 
last column have been obtained by multiplying together the two previous columns and, 
therefore, represent the average total live weight of lambs produced per annum per ewe 
put to the ram. This figure represents fairly comj)letely the true commercial value of 
ewes for crossing, and has been worked out for each of the experiments reported, where 
the available figures permitted. 

The superiority of the North ewe in these experiments is quite clearly brought out, 
and was reflected also in the financial returns obtained, which were in favour of the North 
ewe to the extent of 10/11 per ewe put to the ram : the balance left, per ewx% to meet the 
cost of feeding, management, labour, overheads and as profit being 40/2 J per annum in the 
case of the Lincoln as against 51/1 J for the North owe. Similar results have been reported 
by Wyllie (14) in a comparison between North and Kent cross ewes. He reports that 4,184 
North ewes reared an annual average of 1.49 lambs per ewe. 

Amongst Down and Longwool breeds, the Suffolk has a good reputation as a grassland 
sheep. At Askham Bryan a comparison, extending over a j>eriod of five years, of purebred 
Suffolk ewes, in purebred matings, with North Ewes mated to purebred Suffolk rams, has 
showm the latter to be superior at any rate in the number of lambs reared per ewe put to the 
ram. 


TABLE VI 11. 

Matings with Suffolk Bams. 


No. of lambs reared 
per ewe put to ram. 


1.69 
1 . 4.5 

The best of the purebred Suffolk ram and ew^e lambs were selected and kept for breeding 
purposes, so that no direct comparison of the live weight of lambs sold can be made. Though 
the results obtained with purt^bred Suffolks were satisfactory, it can be safely said that the 
bigger crop of lambs reared by the North ewe, combined with her thriftiness and deep milking 
qualities, made her the more profitable of the two for fat lamb production on a commercial 
basis. 

These results, though they are fragmentary, when taken in conjunction with the 


No. of ewoH . • No. of lambs born 

Brood of Ewe put to ram. por owe put to ram. 


North 199 1.97 

Suffolk 303 1.61 
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experience of practical farmers, are sufficient to indicate that while the ewes of some Down 
and Longwool breeds are more suitable for stocking lowland grass than others, they are, on 
the whole, not likely to be so suitable or so profitable, in commercial flocks under Yorkshire 
conditions, as crossbred ewes of the type of the North ewe (Border I^eicester x Cheviot), 
which combine in high degree, thriftiness, fertility and good suckling qualities. 

The mountain and moorland breeds of sheep out-number all others put together, so that 
their suitability or otherwise as breeding ewes on lowland grass is a matter of great importance. 
It is the general experience of lowland sheep breeders that those purebred mountain ewes 
are not so profitable on good grass as their first-cross daughters by lowland rams. This 
was certainly the experience at Askham Bryan, as is shown by the results of a comparison, 
over four seasons, between matings of Suffolk rams with North ewes and with purebred 
Cheviots, sot out below in Table IX. 


TABLE IX. 

Matings with Suffolk Rams. 



No. of 

No. of lambs 

No. of lambs 

Live weu^ht 

Age of 

Total live weight 

Breed of 

ewes put 

t)orii per ewe 

reaw‘d per 

of larribs 

lambs 

of Uunbs per ewe 


to ram. 

put to rum. 

ewe put to 

when sold 

wlien sold 

put to ram 




ram. 

an 

(days) 

(lb.) 

North 

100 

1.97 

1.73 

82.9 

100 

143 

Cheviot ... 

99 

1 .6S 

1.44 

74.3 

126 

107 


ft is the general experience with hill ewes straight from their native grazings that they 
lamb late in the spring, and that, though potentially reasonably prolific, they suffer a “ hang- 
over from the unfavourable moorland environment, which depresses their fertility on 
lowland farms, particularly in the first year. In addition, the weight of the lambs produced by 
these small hill ewes is less than that of lambs produced by first cross ewes, and they are, on 
that account, usually less profitable. Fortunately, the hill breeds develop their fertility 
when kept on lowland grass for more than one year, as illustrated in Table X. 


TABLE X. 

Matings with Suffolk, Southdown, Shropshire & Ryeland Rams. 


Average number of lambs bom per Cheviot ewe put to ram. 

First year at Askham Bryan (5 yeans old) 1 .20 
Second year at Askham Bryan (6 years old) 1.58 

The place for these draft hill ewe.s is oil poor upland grazings, where they should be 
crossed with the most suitable lowland ram for the production of first cross breeding ewes 
and of wether lambs to bo sold as fat lambs or to be fattened as hoggs in winter. It w^ould 
be of great benefit, both to the hill sheep farmer and to the farmer on the uj)land grazings 
who bu^'s the draft hill ew'es, if some means could be found of accelerating the full develop- 
ment of prolificacy in hill ewes when they are removed from their native grazings. Hammond 
(Junior) (15) and his collaborators have published the results of experiments on hormonal 
augmentation of fertility in shec^p, which may eventually lead to the discovery of a suitable 
means of enhancing the fertility of mountain ewes, and, indet^d, })ossibly of ewes of all 
breeds and crosses, A discovery of this kind w’ould be of great value to the sheep industry 
as a whole. 

The results reviewed confirm, so far as they go, the high opinion already held by sheep 
breeders of the value, in flying flocks, of crossbred ewes such as the North (Border I^eicester 
X Cheviot). 
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In recent years, purebred Clun Forest and Kerry Hill ewes have become popular in 
flying flocks, particularly in the ^lidlands and South of England. The ewes of these two 
breeds have the reputation of being thrifty, prolific, good mothei’vS and good milkers. 

A comj)ari.son of North ewes with Kerry Hills, but unfortunately in one year only, is 
given below. 


TABLK XT. 

Mutings with Suffolk and Hampshire Hams. 



Xo. of 

Xo. of lairilis 

Xo. of lambs 

Live w^eigbt ol 

Age of 

Total live w^eiglit 

Breed of e 

ewes put 

born per ewe 

reared per ewe 

lambs when sold 

Lambs 

of lambs pt»r ew^e 


to ram 

put to ram 

jHit to ram 

(lb.) 

(days) 

put to ram (lb.) 

Xorth ... 

(M> 

1 . m 

1 .50 

SO. 2 

172.4 

125.1 

Kerry Hill 

74 

1.40 

1.37 

SO. 8 

17S.0 

110.7 


These results are not in agreement with those obtained in Wiltshire (see Table V), 
where the Kerr}' Hill gave results su])erior to the North ewe. Tn that ex])eriment, however, 
there was an age difference : tlie Kerry Hill ewes were aged, while thf^ North ewx^s were 
shearlings. 

No exj)erimental comparisons are available for (^lun Forest ewes : th(^ breeding results 
from a purebred flock in one year are given below^ 

T.ABLK XII. 

Ihirohrcd Matin^zs of (Mim Forest owes Iumbing at 2 years old 


Javo weight of 


No. of 

Xo, of lambs 

Xo. of laiiibs 

lambs at 0 

Total live w^eight 

ow'es put 

born per ewe 

reared per 

months old 

of lambs per ewe 

to ram. 

put to ram. 

ow e put to ram. 

(lb.) 

])ut to ram (lb.) 

IS9 

1 . of) 

1.47 

84..'> 

124.2 


These results indicate the usefulness of Clun Forest ewes, but there is obviously a need 
for thorough -paced comparisons of Clun Forest and Kerry Hill <ewes wdth the North and 
other crossbred ewes. 

The next stej) should be to (Consider the merits of various cross ewa‘s, in so far as the 
requisite information is available. 

Experimtmts at Askham Bryan have provided some eviden(?e on this j)oint though a 
number of well knowm crossbreeds, e.gr., Greyface (Border Leicester x Blackface) and first 
crosses from Welsh ewes, have not yet been tried. 

TABLF Xni. 

Matings witTi Haiiqishiro Karns. 


Age of 'total live 



Xo. of 

Xo. of lambs 

Xo ol lambs 

Live weight 

lamlis 

w^eight of 

(/arcane 


<‘\\ os put 

bom per ewe 

reuriMl per 

<'f lamUs 

wbeu 

lambs per 

Grade 

Breed of owe. 

to ram. 

juit to ram 

ewe ptit to 

wlam sold 

sold 

f'wo put to* 

Index* 




rain. 

(lb.) 

(days) 

ram (lb.) 


North 

99 

1.98 

1,()7 

SI .0 

109,3 

135.3 

4.75 

Suffolk X Swaledale 179 

1 . 75 

1 , f>3 

SO. 9 

112. r. 

131.9 

4.79 

W'ensleydale x 

172 

LSI 

1 .58 

SI .7 

114.1 

128.7 

4.77 

Swaledale (Masham) 







Border J^eioester 

135 

1.73 

1.47 

HI .5 

112.5 

120.1 

4.75 


X Swaleilale 


*'rho eai-easo gradf' itidt>x has boon got by aHsigniiig an arbitrary value to each of tlie Ministry of 
Agriculture’s itarcnse grades— Select 5, Prime 4, Good 3 and Rojoct 2 — and calculating the average. 
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These figures bring out clearly the merit of gocKl first- <‘ross ewes from the mountain 
breeds for fat lamb production on lowland grass, and particuilarly the merits of the North 
ewe. 

The majority of farra<^rs are already familiar Mith North ewes and with Mashams, but the 
Suffolk and Border I^ucester crosses with Swaledale ewes will be new to many. These 
Swaledale crosses were bred in an experiment that was started in 1933 and comjileted in 
1943.* In 1933 and again in 1936, a jmrebred Swaledale flock f)f 150 ewes was very kindly 
made available for experimental purjmses by the late Mr. P. Hudson, C\arlabeck, Ski])ton, 
and was divided into three <‘(|ual ]>art.s for crossing with Border Leicester, Suffolk and 
Wensleydule rams on the moorland farm. All lambs were taken over at weaning time, the 
wethers being fattened and sold as hoggets and all tlu^first-cross ewes were crossed again 
with Hampshire rams, all the second crosses being sold as fat lambs. The? results of this 
ex}>eriment will be ])uhlished in detail shortly, hut the eouelusioiis. Innefly, were that each 
of tli(^ three erossbrod ewes gave satisfactory results, but the Suffolk x Sw^aledale and the 
Wensleydale x Swaledale ewes wfu*e, on the whole, suj^erior to the Border Leicester crosses, 
the latter being soiiu^what softer and suffering greattu* mortality both amongst the first- 
(TOSS ewes and amongst the second-cross lambs. As breeders, the first-cross eues b\' the* 
Suffolk rams gave excellent re^sults, l)ut this cross may not prove to he po|nilar wdth farmers, 
being short in the leg, variable in fleece type and v(*ry mixed in coloin*, with a considerable 
amount of bla(;k wool in the fleect\ 

The results illustrated, amongst other things, the manner in which f(M’tility varit‘s with 
ag(* in these first cross <*ues. 


TABLE XIV. 

InfJuenet* of age on j)rolificacv of first-cross ('wes out of 
Sw'aledales by Border i Leicester. Suffolk & Wensk^ydale Rams. 


No. of ewes 
j)ut to ram 

Lambs horn ])er 
ewe )>ut to ram. 

ist eroj) ( 2 year old) 

lOK 

J .69 

2nd ,, 

87 

1 .85 

.‘kd 

90 

I.H2 

4th „ 

77 

1 .89 

5th ,, 

69 

1.84 

6th ,, (7 year old) 

37 

2.00 


Fertility increased st(‘adily up to the third crop and was well maintained up to t he sixth 
(Top of lambs. 

The results of the comparisons of thc! various bretids and crosses of ewes report'd lune 
are scarcely sufficient to justify one in drawing man>' hard and fast eoiielusions as th(^ 
experiments have Ixxm limited both in number and in scope. 

The main (characteristics of a good ewe for a flying flock on lowland grass are : - 

(1) thriftiuess ; she must be able to prcxluee a good crop of Iambs and to rear them 

well without i)ampering : 

(2) fertility ; she should rear, on an average, about 1 1 lambs })er year : 

(3) suckling (piality ; she must be a deep milker, so that she produces per yt^ir not 
lass than 120 lb. of live weight in her lambs at 6 months old or under : 

(4) w^earing qualities ; sh<i must be caj)able of rearing at least fiv^e crops of lambs in 
her lifetime. 
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The question naturally arises as to where one can find ewes of this type, and the 
answer seems to be that they exist in most breeds and crosses, but more commonly in some 
than in others. For general lowland conditions, North, Masham, Greyface, Welsh crosses, 
Clun Forest and Kerry Hill ewes can be relied on to give satisfactory results and can there- 
fore be recommended with confidence. For the richest pastures the bigger types, such 
as the North, Masham and Clun Forest, are generally preferred. 

The majority of these ewes are derived from hill breeds, so that it is essential, in the 
interests of sheep breeding as a whole, that the numbers, thriftiness and breeding qualities 
of the hill breeds generally should be maintained. 

It is a common experience in sheep breeding with flying flocks that the ewe, of the two, 
makes a greater contribution to success or failure than the ram : the ram and the ewe 
contribute to about the same extent to the inherited make-up of the progeny, but the ewe is 
mainly responsible for the fertility of the mating and, through her mothering and suckling 
qualities, she determines the numbers of lambs that survive, also their rate of progress, 
weight and finish, when sold as fat lambs or stores. At the same time it is essential, in order 
to get the best results, that rams for crossbreeding should be selected on the right basis 
and with discrimination. 

SELECTION OF RAMS FOR CROSSING. 

A number of experiments have been carried out to test the value and usefulness of 
rams of different breeds for crossing. 

In 1930, the Wiltshire County Council (10) carried out an experiment with various 
breeds of rams which were mated to different breeds and crosses of ewes. Unfortunately, 
the numbers of lambs produced in these experiments were not reported, but the average 
weights of single and twin lambs are given in Table XV^. 


TABLE XV. 

Average Live Weights of l^ambs woiglied in 2nd -week^u August. 


Brecxl of 
Ewes, 

CHEVIOT 

KXMOOU 

KEHRY 

HILI. 

>JORTH 

WELSH 

AVERAGE OF ALL 

RE8UL18 EXCEPT- 
ING WEISH CROSSEB 

Brood of 

singles 

tvnns 

singles 

twins 

singles 

tvnns 

shhgles 

twiths 

AU 

singles 

twins 

Kains. 

(Ib.) 

(Ib.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

Hampshire 

70.5:1 

57.0 

66.06 

53.08 

75.50 

61.39 

64.28 

51.36 

60.11 

69.1 

66.7 

Oxford 

08.9 

57.57 

65.11 

,57.04 

73.21 

63.76 

70.70 

.56.47 

75.83 

69.5 

68.7 

Kyeland 

70.70 

57,. 56 

63.20 

52.28 

77.76 

60,60 

63.08 

49.64 

63.33 

68.7 

66.0 

Suffolk 

73.0 

.59.27 

65.90 

58.69 

75.40 

63.14 

67.. 50 

53.18 

62.10 

70.4 

68.6 


Fifty ewes of each breed were mated to each ram, excepting in the case of the Welsh, 
where 10 ewes only were put to each ram. 

In these experiments, there was little difference betw'een the weight of single lambs by 
the different rams, but the twin lambs of the Oxford and Suffolk crosses proved to be 
somewhat heavier than the others. In this experiment the ewe flocks were carried on 
different farms, so that the results from the various breeds of ewes.are not strictly compar- 
able. 

Miller (16), in Cyalifornia, has compared rams of various breeds in crosses with Ram- 
bouiUet and Romney x Rambouillet ewes for the production of fat lambs. The most 
important of his results arc 8ummai*ised in Tables XVI and XVII. 
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TABLE XVI. 

MatingA with Rambouillet Ewes (Six year average) 


Breed of Ram. 

No, of ewes 
bred. 

Percontskge 
lamb crop 

Age of Iambs 
when sold 
(days) 

Live w'eight of 
lambs when sold 
(lb.) 

Pounds lamb 
per ewe. 

Grade 

Index* 

Hampshire 

112 

135.2 

121 

77.0 

99.0 

3.76 

Suffolk 

112 

134.0 

120.3 

78.3 

96.. 5 

3.71 

Shropshire 

112 

127.4 

116.8 

72.9 

87.9 

3.81 

Southdown 

112 

130.6 

118.1 

70.4 

88.7 

4.01 

Romney 

74 

132.8 

115.0 

70.0 

84.2 

3.67 

Rambouillet 

112 

137.4 

119.9 

70.7 

92.1 

3.08 


TABLE XVII. 

Matings with Rotnnoy x RamV>oiullet Ewes (Four year average). 


Brexxl of Ram. 

No. of owes 
bred. 

Percentage 
lamb crop. 

Age of lambs 
when sold 
(days) 

Live weight 
of lambs w’hen 
sold (lb.) 

Poiuids lamb 
per ewe. 

Grade 

Index* 

Hampshire 

80 

128.0 

9.5.8 

69.5 

83.5 

3.71 

Suffolk 

79 

126.6 

96.2 

69.2 

87.6 

3.77 

Shropshire' 

80 

130.0 

94.4 

62.6 

80.6 

3.50 

Southdown 

80 

129.6 

92.4 

60.4 

77.0 

3.82 


’•‘The gra<le index is a metisxire of carcase quality determined by assigning an arbitruiy ^’ahle to each 
grade — Choice o. Good 4, Medium 3 and Common 2 — ^and calcuialing the average. 


The rt‘Hu]t8 reveal the value, under American conditions, of the Suffolk and Hampshire 
rams for crossing to produce heav^' weight lambs, and of th(^ Southdown ram for the pro- 
duction of high carcase quality. 

The results of one of the earlier experiments at Garfortli extending over five seasons 
and involving a comjiarison of rams of various breeds are given below. 


TABLE XVIll. 

Matings with North Ewes at Garforth. 


Breed of ram. 

No. of owes 
put to ram. 

No. of lambs 
bom per ewe 
put to ram. 

No. of lambs reai*ed 
per ewo put to ram 

.Average gro.sR rectipts 
per ewe per annum 

Suffolk 

48 

1.75 

J .68 

61 3 

Lincoln 

48 

1.77 

!.48 

60 '4 

Oxford 

49 

1.82 

1.71 

5t 6 

Hampshire 

50 

1.70 

1.50 

52/10 

Shropshire 

46 

1 .50 

1.30 

4.3/2 


In these experiments the progeny were mainly sold as fat hoggs off roots. Though 
the numbers are not large and the results should be regarded as indications only, it woulct 
appear that the Suffolk and Lincoln crosses, under those conditions, were most profitable, 
with the Oxford as runner-up. 

At AskhamBryan,an experiment extending over four years was conducted to compare 
Ryeland, Shropshire, l^uthdown- and Suffolk rams for crossing with purebred Cheviot ewes 
for fat lamb production. The results have been reported in detail by Robertson (11) and 
are summarised below. 
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TABLE XIX. 
]VIatinj?s with Cheviot Ewos. 


Rmnl of owo. 

No, of 
ewes }>ut 
to ram. 

No. of lambs 
born per ewi' 
])ut to ram. 

No. of lambs 
reared per 
ewe ]iut to 
ram. 

Live weight 
of lambs 
when sold 
(lb.) 

.Age of 
lambs 
when 
sold 
(days) 

Total live 
weight of 
lambs per 
ewe put to 
ram (lb.) 

Carcase 

tirade 

Index* 

Suffolk 

9U 

3.h:i 

1.44 

74.8 

120 

107.0 

4.00 

Southdoun 

IM) 

1 . 52 

1.40 

70.0 

140 

98.0 

4.47 

SVirop shire 

SO 

1 ..50 

1 . 21) 

75 7 

124 

97.0 

4.50 

Byelaiifl 

SS 

I ..50 

1 .30 

71.0 

127 

92.3 

4.57 


*Tho grade indices are based on the results in one ye'ar only. 


In thin ox]»erimont the Suffolk cross gave the greatest weight of Iamb j -jr ewe, also the 
highest gross returns per ewe, surpassing in this respect its nearest com|)etitor, the South- 
down cross, })y 3/- per ewe. 

Ill crosses with Masham ewes (Wensleydale x Swaledale) at Askham Bryan, over a 
three yt^ar [leriod, Oxford and Suffolk rams gave similar rt^sults and wer(‘ slightly superior 
to English Leicester rams, though the differences were scarcely significant. 


TABLE XX. 

Matings with Masliain Kwos. 


Breet) of rain. 

No. of 
ewes put 
to ram 

No. of laml)s 
bom per ewe 
put to ram. 

No. of lambs 
reared per 
ewe put to 
ram. 

J.,i\ e weight 
of lambs 
when sold 
(1b.) 

Age of 
lambs 
when 
sold 
(<iays) 

I'otal live 
wfOgbt of 
lamV)H per 
ewe put to 
ram. (lb.) 

("areaiH' 

Grade 

Index. 

Oxford 

4S 

1.00 

1.54 

80.5 

1 20 

124.0 

4.18 

Suffolk 

49 

1.70 

J .51 

78.7 

125 

118.8 

4.28 

Leioostor 

49 

1 . 00 

1.47 

78.0 

122 

114.7 

4.10 


At Askham Bryan, crosses b\ Suffolk and Hampshire rams out of North ew^es were* 
conifiared over a period of five years and the re.sults are given in Table XXI. 


TABLE XXL 
Matings with North Ewes. 



No. of 

No. of lambs 

No. of lambs 

Juve weight 

Age of 
lambs 

Total Jive 
weight of 

(5irea80 


ewes ]>ut 

bom p<‘r 

reared per 

of lambs 

when 

lambs pc'r 

Grade 

Breed of ram 

to ram 

ewe put to 

ewe put to 

when sold 

sold 

ewe put to 

Index. 



ram. 

ram. 

(lb.) 

(days) 

ram (lb.) 


Suffolk 

100 

1.97 

1 .73 

82.9 

105.9 

143.4 

4.70 

Hampshire 

99 

1.98 

1.07 

SI. 9 

109.3 

135.3 

4.75 


In this exfieriment the Suffolk cross was slightly su})erior to the Hampshire, but both 
gave excellent results. 

A significant feature in the Yorkshire experiments w'as the smaller difference in results 
sometimes obtained from different breeds of rams when compared with differences between 
various breeds and crosses of ewes. Further, it was not unusual to find a greater difference 
in r(*sults between individual ram.s of the same breed than that between rams of different 
breeds. 

Th(^- results reported are comprehensive neither in respect of the breeds of rams tried 
nor with regard to the diverse conditions obtaining in different parts of the country, but, 
at the same time, it is desirable to try to crystalise into definite recommendations the results 
obtained. 
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The ideal ram for crossbreeding in flying flocks on lowland farms must transmit to its 
})rogeny the following characteristics : — 

(1 ) the ability to grow quickly ; the ram must have scal(i and must be well grown for 
his age : 

(2) the ability to fatten readily ; the ram must have dec]) natural flesh and early 
maturity : 

(H) the flesh must be in the right jdace ; the ram should he ])artieularly well developed 
in the loin and leg with the minimum of waste. 

In short, the ideal ram for crossing must combine size with deep flesh, early maturity 
and good conformation. 

Under Yorkshire conditions, Suffolk, Oxford and Hampshire rams have giveji very 
satisfactory results for fat Iamb production and can safely be recommended. Of th(* thrin*, 
thc‘ Suffolk ram has, on the wdiole, given the most consistent re^sults. For the jiroduction 
of sheep for fattening on roots, Oxford and English l^eieester rams have given gofxl rc^.sults 
and are generally jireferred. 

It should be made quibi clear that, though these breeds are recommended, suitable rams 
can also be found for all [)ur})oses amongst the other breeds of lowdand sheep. 

niOSSBREKDINC IN SELF-CONTAINED EWE FLOCKS. 

Some hrt'cders will be anxious, as far as possible, to establish self-contained flocks on 
leys or other lowland grass, thereby eliminating the e.xpense of buying in ewes |)eriodi(5ally 
1/0 maintain a flying flock, and also to a large extent excluding those diseases wi)i(;h arc com- 
monly brought into the fIo(‘k wdth purchased sheep. For this purpose, the Clun and Kerr\' 
Hill breeds and those flocks of North ewes that have been stabilised by selection should be 
considered. 

If the Clun Forest or Kerry Hill ewes are used in this way to maintain a self-contained 
t*w't^ flock for rearing fat lambs or other fat sheet), if netx^ssary to maintain, as piu ebreds, 
OIK* lialf of the total number of breeding ewes ; the remainder can, with advantage, be first 
(TOSS (*w(*.s by rams, such as the Suffolk, that will transmit to tluMr daughlers a reasonable 
degree of thriftiness, fertility and milking qualities. The })attern in such flocks might well 
bethat one quarter of thee wx* flock is made uj) of purebrenl ewes mated to purebred rams of 
the sa-me breed ; one quarter of the ewe flock could be jiurebred ewes mated to Suffolk or 
other rams ; th<^ remainder of the ewes, about one half, could (‘onsist of first cross ewes, 
))V Suffolk or oth(T rams, mated to Oxford, Hampshire or other rams, or ])ossibly to another 
ram of the same breed as that used to produce the first cross ewes. 

In Biuli a flock, all the second cross lambs would normally be sold fat. It is d(*sirab]e 
that all the young purebred ewes be mated to the Suffolk or other rams, and only those older 
twves of proven merit should be mated to ])urebred rams of the same biwd to maintain tin* 
])urebred ewe flock. 

The standard for the proven ew'e should be that she must have actually produced not 
less than four crops of lambs, an average of not less than H lambs per crop, and that the 
average total live weight at six months old or under of the Iambs rearixl by her should be 
not less than 1 20 lb. per annum. 

Proven rams should also be used, as far as possible, to maintain the ])urebred flock, 
and the proven ram should be one that has produced a reasonable number of daughters 
that come up to the standard for the proven ewe. 

The greatest danger in self-contained flocks of this ty])e, based on purebrixl (^lim 
Forest or Kerry Hill ewes, lies in the tendency amongst lowdand breeders to breed and 
select these hardy flocks on the same lines as the Down and Longwool breeds, by ])aying 
undue attention to shortness of leg, depth of flesh and early maturity, and too little attention 
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to thriftinesri, fertility and suckling qualities which, in these breeds, are characteristics of 
paramount importance. This danger naturally exists in greater degree if rams are bought 
and selected for breeding purposes as ram lambs, thereby placing a high premium on early 
maturity. Indeed, thriftiness, fertility and suckling qualities would be more likely to be 
developed and maintained if purebred rams of the CJun Forest, Kerry Hill and other similar 
breeds were not shown as ram lambs at all, but kept until they were shearlings before being 
offered for sale and for use for breeding purposes. 

USE OF SEC0NDCR088 EWES AND OF EWE LAMBS FOR BREEDING. 

The present shortage of breeding ewes is likely to continue for a number of years and 
can best be alleviated by breeding from ewe lambs in their first year and by keeping selected 
second-cross ewes for breeding purposes. 

The practice of breeding from well-grown ewe lambs has already been adopted with 
good results in certain biwds, such as the Clun Forest and Kerry Hill, and could usefully 
bo adopted more widely. 

Experience with these breeds has shown that about half the ewe lambs will breed in 
their first year, but the proportion varies widely from year to year. Ewe lambs do not 
usually bring more than one lamb, but will occasionally rear twins. Provided the shear- 
ling ewes that are rearing lambs are kept on good pasture, there is very little difference 
between their weights at 18 months old and those of shearling owes that have not roared 
lambs. 

In order to get satisfactory results w'hen breeding from ewe lambs, the following con- 
ditions should be observed : — 

(1) Rams should not be put out before Ist November. 

(2) Rams with broad, coarse shoulders should be avoided. 

(3) Gimmer lambs must be brought to lambing in forward store condition ; any severe 
check in condition during the in-lamb £>eriod, esj)ecially in the last six weeks before 
lambing, is h'kely to have dire consequences at lambing time ; wdth ewe lambs, as 
with all lowland breeding flocks of ewes, good hay should constitute the foundation 
of the diet from mid-December to the end of March. 

(4) Good pastures, j)referably young leys, must be provided for the yearling ewes 
while the}'^ are suckling their lambs, otherwise their growth is likely to be stunted. 

If these conditions arc observed, breeding results from well grown gimmer lambs of 
the lowland breeds and crosses are likely to be satisfactory and their subsequent value as 
breeding ewes is not likely to be impaired. 

SUMMARY. 

1 . Up to the outbreak of the World War, sheep breeding in Great Britain, as a whole, 
fully maintained its importance. 

2. In the last 50 years, due to the pressure of economic factors, there has been a pro- 
gressive decline in arable sheep farming and in the numbers of those pure breeds 
commonly associated with close folding on light arable land. 

3. During the same period, crossbreeding of sheep has largel}'^ replaced pure breeding 
on lowland farms, and grassland owes, mainly derived from the mountain breeds, 
have achieved wide popularity for crossing with purebred rams of the Down and 
Longw^ool breeds, both to produce fat lambs and root sheep. 

4. During the World War, the number of ewes in the United Kingdom has declined by 
about one quarter as compared with 1939. 

5. With the return to mixed farming and with the establishment of leys, sheep breeding 
on lowland farms should b^i restored at least to pre-war levels. 
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6. Sheep breeding must pay its way without assistance from other branches of farming, 
and there is considerable eyidence that the extended use on grassland, and particularly 
on good young leys, of thrifty, prolific, deep-milking ewes of the hill breeds and 
particularly their first crosses, will go a long way to make this possible. 

7. The experiments reviewed in this paper and the experience of practical sheep farmers 
have emphasised the vahie of ewes of the following breeds and crosses on lowland 
grass and mixed farms : — 

North (Border Leicester x Cheviot) 

Masham (Wensleydale x Swaledale) 

Mule or Greyface (Border Jjeieestor x Blackface) 

Suffolk X Swaledale 
Border Leicester Swaledale 

Welsh Mountain crosses by Kerry Hill and Clun rams 
Chin Forest 
Kerry Hill 

On second-class grassland, for example in the foothills, purebred Cheviot, Welsh, 
Swaledale and Blackface ewes can be recommended for crossing with appropriate 
rams for the rearing of crossbred breeding ewes and of wether lambs to be sold fat. 

8. For mating with ewes of these breeds and- crosses to produce fat lambs and fat hoggs, 
rams from many Down and Longwool breeds have proved to be satisfactory, and the 
popularity, amongst farmers, of purebred Suffolk, Hampshire and Oxford rams for 
getting fat lambs, and of Oxford and Leicester rams for siring root sheep, has been 
confirmed under Yorkshire conditions. 

9. Crossbreeding should be regularised and must on no account be allowed to degenerate 
into mongrelising : as soon as the supjdy of breeding ewes is adequate, it is 
desirable, on the whole, to market second cross lambs — both males and females — 
for slaughter, and not to breed from them. 

10, A sound scheme for crossbreeding can only be established and maintained on the 
basis of an adequate supply of thrifty breeding ewes from the mountain and Jiill 
breeds, and a regular supply of good purebred rams of the Down and Longwool breeds. 
In the hill and mountain breeds the aim must be, by careful selection, to maintain 
thriftiness, high jmtential fertility and good suckling qualities, combined with sueb 
degree of size and fleshing as is compatible with the fullest development of the former 
qualities and with the survival of these sheep under rigorous mountain conditions. 
In the Down and Longw^ool breeds, deep flesh, adequate size and good carcase and 
wool qualities must be wedded to as high a degree of fertility, thriftiiiess and suckling 
qualities as can be achieved. 

11. Greater standardization in sheep breeding is desirable, but no breed or cross must 
be abandoned until there is ample proof that it can serve no useful ])urposo in the 
sheep industry in the future. Sheep in this country are subject to a diversity of 
conditions and, in the hill districts in particular, there is much to be said in favour 
of local breeds that have been selected and bred to meet the conditions })eculiar to 
each particular district. In the case of those lowland breeds from which rams are 
bought for crossing, one must bear in mind that, in future, there may v ell be a greater 
insistence on high carcase quality than at present, which may have the effect of making 
the rams from the smaller, deeper fleshed breeds more popular and profitable, and 
therefore more valuable to the industry, than present economic circumstances 
would seem to suggest. 
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12. There i.s an urgent need for more (jomprehensive and exact ex[)erimental and other 
information on breeds and crosses of sheep in order to pi’ovide a satisfactory basis 
for the planning and (jstablishment of an efficient and (‘niightened sheep industry 
in this country. 

T. L, BYWATER. 

DjEJ’T. of AoUiC’ULTURK, 

TllK Univkhsit^ , 

liiJKns. 
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mill. SHEEP PROBLEMS 

I. A WELSHMAN’S VIEW 

Under present conditions the greatest problem facing the hill sheep farmer, especiall}' 
it he is farming poor land at high elevations, is the economic one. Unless we assume that 
])rice8 in the post-war period will be at a sufficiently high level to enable him to pay good 
wages, to accommodate his family and those of his shepherds and men in good houses 
and with fair amenities, the outlook is poor. 

The real hill farmer has to depend for the bulk of his revenue on the sale of draft ewes, 
wether lambs and wool. The increase in prices from pre-war levels, especially since 1937, 
lias not been sufficient to me^‘t the increase in the cost of jiroduction. The prices of store 
lambs have varied greatly according to the type of lamb produced, time of .selling and local 
demand. Prices and demand for draft ew^es from the hills have* been consistently low. 
and the jirice of wool has b(»en comparatively poor. On the other hand, the cost of labour 
has more than doubled in most cases, and everything the hill farmer has to buy ha.s iiicTea.sed 
considerably in pricje ; had it not been for subsidies for breeding ewes and hill cattle, a 
large number of hill farmers would have had to give up, and large areas of hill land w ould 
have become derelict. 

If, then, w'e are to have a ** healthy and well-balanced agriculture *' in the future, 
a number of problems (‘all for consideration. These will be dealt with in th(‘ following 
order : — 

(a) The human and man power position. 

(ft) The upkeep and im})rovemeut of hill farm.s, imtluding lay-out, pastures, (Topping, 
drains and fences, managem(*nt, eradication of bracken and the control of 
heather. 

(r) Provision for wintering the stock. 

{(i) Bret^ding and improving the (juality of the flock wiiilst retaining hardines.s. 

(c) Control and eradication of diaea.se. 

On the human a.S})e(3t there is one point T should like to stre.ss. ft is that a sliejiherd's 
job is a highly skilled (me and that, for some years during the pre-war period, there was a 
definite scarcity of exjierienced shepherds. What is more important still i.s the fact that 
far too few young men were staying on hill farms to gain the necessary skill and experience 
to enable them to replace the older men. The reasons for this state of affairs are many, 
and amongst them the following should be not/cd. Tt must be realized that the shepherd's 
job — or maybe it could be better designated ‘ calling ' — ^is not onl^^ highly .skilled but at 
certain seasons, (^8i)eeially during lambing, when he has to be up at the break of fia\' and be 
out till dark tending his ewes, it is also very exacting. After a hard siting, many of the 
weaker lambs will have to be nursed and perhaps brought indoors and given a dro]) from 
the bottle. 

If his hill is unenclosed, the shepherd has again a hard spell after the yearlings return 
from wintering^nd until they settle down in their old haunts. During snow’ storms — whi(‘h 
can be temble experiences — the shepherd has to be out to drive his flock to .sheltered areas, 
where the sheep can obtain some protection from the driving storm and w^here they can be 
found after the storm has pass(3d. After a heavy snow storm, if accompanied by a strong 
wind, there will be large drifts, and many sheep may be buried under snow^ 10 or 12 feet 
deep. Tlie task is then to locate the sheep and dig them out. If they have been buried 
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for many days, they may need careful nursing back to strength. Hill shepherds need 
to be courageous men, possessed of physical endurance, because they often have to work 
at considerable risk to health and personal safety. 

Houses and cottages, in the great majority of cases, are old-fashioned, badly equipped 
and lacking in modern conveniences. Usually they are inaccessible and far away from 
schools and shops ; the roads are i^oor — sometimes non-existent — ^and transport facilities 
poor. 

As a result of the industrial and urban bias in education during the last century, the 
drift of country people to the towns, and the conscription of women to the forces during the 
war, the problem of getting the younger folk to settle down in the countryside will not be an 
easy one. At the same time it is often comparatively easy to improve farmhouses and 
1‘ottages by a few simple alterations. 

Practically all hill farms have ample water supplies within a short distaii se of the farm- 
steads, and where there is no convenient supi>ly the deficiency can generally be overcome 
without heavy expenditure. Sometimes it is possible to utilise the same source to supply both 
water and electricity. On the whole the question of electricity is rather more difficult, but 
there are, in most hill districts, streams or lakes which coiild be used for generating current 
to supply a group of holdings and cottages. Telephone facilities should also be extendcnl 
on the Swedish or Canadian system. 

The whole question of rural education needs consideration, especially the curriculum 
of schools in rural areas. Special courses in hill sheep farming, including management of 
flocks, simple genetics, prevention and cure of disease, land improvement, cropping, etc., 
should be established at suitable centres for prospective sheep farmers and shepherds. Given 
such facilities with favourable prospects for advancement or for suitable shepherds to 
become flockrnasters on their own account, it would be possible, in my opinion, to recruit 
and retain the better type of young men and women for the countryside. 

The whole question of the value and utilization of hill land from a national viewpoint 
needs to be faced immediately. 

In the past the claims of hill sheep farming and forestry have clashed badly. There 
is no real reason why this should have hapjiened. What is needed is a comprehensive 
survey of all the hill lands of the country and the allocation of a quota for afforestation. 
There is a big acreage of hill land that is of little value for hill sheep farming but would grow 
first class timber, e.g., unploughable bracken areas and steep slopes. 

The aim of the Forestry Commission in the past was to plant huge areas to produce 
timber at the lowest })ossible cost jx^r cid)ic foot. From a strictly business point of view this 
might appear sound, but from a national standpoint it was wrong to destroy a whole rural 
community. Forestry should be complementary to, and should co-operate with, hill 
sheep farming to the fullest possible extent, e,g,, in relation to shelter belts, heather burning, 
etc. 

The upkeep, improvement and lay-out of hill farms. 

The great majority of hill farms suffer badly frem lack of fenced enclosures on the 
lower slopes adjoining the steading, with the result that often the ewes have to lamb on the 
open hill, with the consequence of a low lambing percentage. 

Fenced enclosui'cs would materially help in two ways : (a) In the autymn, when the 
rams are turned out to the ewes on the open hill, they spend a lot of time wandering about, 
rapidly losing condition. If they were brought down to fenced-in enclosures which had 
been closed to stock for a short time, the fresh growth would tend to flush the ewes and 
the restricted range would enable the rams to work more effectively. In this way, fewer 
and better rams could be used, (h) Again, in spring, great benefit could be derived from 
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enclosures into which the ewes could be brought down to lamb. The shepherding could 
be done much more effectively and by fewer men, and many more lambs could be saved. 
►^Here again an enclosure that has been reseeded is of great value^ especially to receive weakly 
ewes which have little milk. A period of a week or 10 days on good grass makes a tre- 
mendous difference to both the ewe and lamb. 

There are, of course, a number of hill farms where little can be don© in this respect, 
but on a large number some areas could be enclosed and improved. This would materially 
increase the production of the holding and so improve its value. 

The land for new enclosures should be carefully selected, taking into consideration the 
following points : suitability of the land for improvement ; aspect and shelter ; water 
supply ; location and economy in fencing ; accessibility ; drainage. 

In many casea land that is not suitable for improvement by cultivation can be enclosed 
with very good results b<*cause of other factors, but in the main it is better to enclose some 
areas that can be improved by means of cultivation, because it is on these areas that pioneer 
crops can be grown. They can subsequently he reseeded to provide better winter ke^p for 
ewe lambs and paddocks for lambing. 

The management of improved swards on hill farms is important because, by adequate 
liming and manuring and by using a fair percentage of wild white clover and the pedigree 
grazing strains of grasses (esixHjiall}^ (*.0(5ksfoot S.143 and perennial ryegrass coupled 
with good management, it is possible to maintain the swards in a productive condition 
for a number of years. 

The greatest demand on the improved swards on a hill farm is made in spring, and that 
is the time when the hotter grasses are at their most vulnerable stage. Continued hard 
grazing during spring and early summer will kill out the ordinary strains in a few years, 
l>ut the high tillering ]>edigree strains will withstand these conditions far better if properly 
rested and managed fluring the summer months. 

These now pasturt^s should be rested for 10 to 14 days as soon as the sheep have been sent 
to the open hill in May. During the summer months they should be grazed by cattle ; if, for 
some reason, all the herbage is not grazed, the }>astures should he topped over with a 
mowing machine. From about the middle of August these reseeded areas should be rested, 
to conserve keep for winter use. 

Incidentally, the rt'-sting during this jwriod enabhjs the grasses to develo}) their root 
systems and to transfer to the roots reserve material which will materially assist them to 
withstand the hard spring grazing. 

On farms which will allow such a system to lx* practised the ideal is to plough one area 
every year and re-seed under turnips and/or rape. The farmer can then every >'ear fatten 
•some of his wether lambs and cull ewes and establish a sward with a fair proportion of 
Italian ryegrass wliieh will give the earliest spring keep. 

Another crop that is worth testing out on a larger scale is winter rye sown in early 
August, If the season is favourable some autumn grazing can be obtained, but in the main 
the crop should be managed with a view of obtaining a bulk of spring keej) for weakly ewes 
and lambs. There are large numbers of hill farms where cropping in the ordinary sense of the 
word is impossible and where only a very limited amount of a forage crop or hay is grown 
to provide winter fodder for a pony and a cow, or both ; but on some mountain farms even 
this is not done. 

However, with a better lay-out and the fencing of more enclosures and the use of the 
heavy track type of tractor, the new type of big single-furrow plough, heavy-duty rollers 
and disc harrows, it is today possible to tackle areas of land which would have been impossible 
^ome years ago. In the main this type of land has never been cultivated. The process 
required is really reclamation of virgin hill land. 
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There are plerit^v of enelosurcH on many hill areas where oiiee stoo^i good farmsteads and 
fenced enclosures, but where, owing to the de])ression and neglect of agriculture, the houses 
and buildings have b(*-come ruins, while the enclosures have become part of the open hill. It 
would be intere'sting to (;alctilale on the one hand the <ui])ital loss to the nation in material 
and labour that this neglect has meant and on the other the loss of production entailed. 

The conservation of grass and other crops by means of silage on hill farms needs far 
more ex [)eri mentation and research than has been given to it in the ])aHt. There is no doubt 
that tliere is a bias against silage-making throughout most areas. Yet in districts of liigli 
rainfall it is the safest method of conserving winter fodder. A great drawback to silagt*- 
making is the labour involved, but surely it is not beyond the ingenuity of our engineers 
and macliinery exp<‘rts to devise some means of mechanising the process to a high degr(»c\ 

On the (^ahn Hill Improvement Scheme from 1938 to 1944 some silage was made evcTv 
year, and during many a year a numb(T of <iattle would have had to be sold biuoi'e the winter 
had not a fair reserve of fodder been made into silage. I'he (ju(‘sti()n of mac‘luncu*y will be 
discussed later. 

Large areas of hill land throughout the country have become practically useless because 
the old drains and o])en ditches have been neglected. Again in some areas catch pits, 
made many years ago to collet^t stone and debris carried down by hill streams during 
floods, have become blocked, with the result that areas of once useful pasture liavc 
become covered with stone and gravel, and ai’e of little use. These two aspects of the 
drainage problem need serious consideration, and it may be that the tpiestion of machinerN' 
pools for the use of hill farmers can best be mentioned hen*. 

It has been stressed previously that most of the operations for land improvement in 
hill areas need track-laying tractor’s and lieavy imjflements. In my o])inion it would lx* 
advisable for a body or organization to take over some of the suitable machiner^>' now in tin* 
]3ossession of the War Agricultural Executive Committees and to form machinery pools for use 
on hill farms. This type of machinery is too expensive and difficult to ])rociire, and for 
even a large-scale hill farmer to buy ; but if an organization could acquire the implements 
and contract to do the work for hill farmers the question would be(*ome one of j)ractical 
])olitics. There are a number of jobs which sucli a machinery pool could undertake*, e.g,, 
ploughing and cultivating enclosed areas, providing machinery and gang labour for silage^ 
making, acepiiring and using some of the new ditching and draining machines, using bull- 
and angle-dozers for levelling land, making roads and tracks to hill areas and using excavators 
for making dams and catch pits, etc. 

Bracken is said to be* increasing ra]>idly and encroaching on once clean land, making 
sue*h land of litth* value from a grazing standpoint and being actually dangerous in areas 
where the maggot fly is ])revalent, because the struck shee]) lie down and hide in the bracken, 
are difficult to find, and are often lost. Experiments have been carried out for a number of 
years both at Bangor and Glasgow on the control of bracken, especially on the value of cutting 
at various times of the year, and on the use of chemical sprays. It is now recognized that 
systematic cutting twice a year, in June and in August, is effective in reducing the bracken 
infestation very considerably in a few years. 

Experiments (‘aiTied out by the writer on the use of chemicals and ploughing have shown 
that th(* a]>plication of 2 cwt. of sodium chlorate in powder form will completely kill all the 
bracken and other lierbage. The land can then be reseeded after a lapse of abotit 3 months. 
If sodium chlorate could be produced at about 5/- per cwt., it might be a very useful material 
in land reclamation. Other experiments have proved that deep ploughing during June and 
July results in a practically complete kill even on very strong -growing bracken, and the 
type of land concerned, when limed and manured, will grow good crops of potatoes or cereals 
such as oats and rye, and can be essily reseeded to good pastures. 
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Heather can provide very goo<l sheep keep, esjjecially the young gro wth during the winter 
months. A fact that is not sufficiently realized, however, is that, in order to obtain the 
best results from a heather moor, systematic burning in rotation is absolutely essential. 
The optimum rotation is said to be somewhere between 10 and J2 years. In the ])ast there 
has been a clash of interest between the sj>ortinff interests and shee]) farmers. Gamekeepers 
have wanted more old heather, to protect and rear the young grouse, than was good for the 
sheep. 

However, there seem to be no real grounds for disj)ute, es})ecially if the rotation is 
<*x tended up to 12 years, and it is in the interest of both sheej) and grouse that a burning 
rotation should be properly carried out. Co-operation is necessary so as t-o disturb the hill 
as little as possible when the young grouse are new'ly hatched. Afterwards, it seems that 
the interests of both run more or less together. 

Provision for irinfering. 

One aspect of this problem, that is, increasing the \vTintering capacity of hill farms by 
improving the inbyo land through manuring and making more and better hay, is fully dealt 
with by another writer below. 

The other method of improving inbye land {ffriddoedd) is by cultivating, manuring and 
r(‘see<ling. This lias been in the main the method adopted by the Calm Hill Improvement 
Scheme, though many other methods have Iw'eii tried. 

This method has be(*n adopted by a large number of hill farmers in Wales and elsewhere 
^^it}I great success. The war lias speeded up this work V6»ry considerably, with the r6\sult 
that some counties in Wales have been able to incTease their sheep population in spite of the 
ploughing-up campaign, because a number of the War Agricultural Executive (\>mmittees 
in Wales insisted tliat a })ercentage epiota of all the enclosed land that was plougha hie should 
be ploughed up. In some instance's, tlie cropping of the inbye land was ordered to comprise 
mainly pioneer crops and direct resee»ding, with the result that more and better winter keep 
was made av^ailable on the hill farms theraselve.s, 

A number of War Agricultural Executive Committees have also taken over large areas 
<i hill land for reiiamation, using some for wintering sht^ep and during the summer months 
for agistment of lowland dairy stock : this has been done in Montgomeryshire. The 
nu'thods used liave been tully described in various articles by Sir (George vStapIedon and 
otfiers. 

/ mprovewrnt of the flock. 

The term “ improvement ' as apjilied to a mountain flock living all the year round 
on high ground should have a very different meaning from that applicable to a flock 
grazing on low hills and maybe brought dowm to winter on cultivated farm land. 

In the latter ease irnj)rovcment w'ould include improvement iii type, body confor- 
atidn, ability to fatten quickly and quality of wool — all desirable qualities. But if a farmer 
were to try to produce these improvements in a real mountain flock tin* probability is that 
be would be courting disaster : at least such has been the experitmcc of many ])eople who 
have attempted to do so. 

There is a consensus of opinion amongst sheej) farmers whose sheej) liave to live on 
mountain land during the winter months that the so-called pedigree rams have done a 
good deal of harm, to count<^ract which they have to resort to an extreme tyj)e of hardy 
ram in order to keep their flocks up to number. A simple definition of hardine.ss is diffiimlt 
to give. It is certainly the most imj)ortant attribuk^ of a mountain ewe and, onte lost, it 
is exceedingly difficult to recapture. It might he described as the ability to survive under 
severe climatic conditions, to be able to live in winter on herbage of low’ nutritive value, 
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sometimes on the verge of starvation, plus a strong mothering instinct and the ability to 
produce milk under very adverse conditions. 

Show standards have had a bad influence on the mountain breeds because the exhibitors, 
in order to win prizes, have resorted to methods which militated against the maintenance of 
hardiness, such as keeping the ewes on lowlands even in summer and hand feeding in winter. 
They have gone so far in many cases as to keep indoors for many months the rams intended 
for showing. Again, the rams are clipped early, their coats are brushed, combed and 
trimmed periodically, and all sorts of devices are used to attain so-called perfection. Some 
of these rams when turned out on the hill wmte away and are a sorry sight in a very short 
time. 

These practices are not confined to one breed ; indeed flockmasters of all the most 
important hill breeds are very concerned about the effect of using such rams on their docks. 
To condemn breeding of pedigree stock rams for the hill would indeed be wrong, but in order 
to retain the hardiness of mountain rams different methods are necessary. 

It would also be wrong to say that no improvement can be obtained by using a good 
hardy type of j>edigree ram on all flocks. They can be used with success on the lower hills 
which carry fairly useful swards, and particularly if the ewes are brought to better ground 
to winter. They can even be used on flocks which graze fairly high mountains in summer 
but where the ewes are brought down to low ground during the winter. In the case of the 
flock which grazes summer and winter on high ground the flockrnaster must be very dis- 
criminating in the choice of fresh blood. 

Here the right way is to select rams that are hardy enough to live under the sanu* 
conditions as the ewes, summer and winter ; one is then fairly certain of retaining hardiness. 
The next step is to select rams for type, conformation, and a good coat suitable for the 
climate in which the sheep have to live. 

There is today a great demand for hardy rams of good quality to improve mountain 
flocks. There is also room for either new societies or separate branches of the present 
Mountain Flock Book Societies with entirely new rules and regulations to foster the breeding 
of hardy rams. ' 

Having obtained a good ram, the best criterion, as with cattle, is the progeny test. 
There is need for more enclosed paddocks to run these better rams with selected ewes and 
to select from their progeny rams possessing the desired qualities to run with the bulk of the 
flock. 

Diseases. 

Space will not permit a discussion on disease, but in some districts the problem is of 
very great importance. Whilst during recent year remedies have been found for a great 
many of the most important diseases, some have not yet yielded to the investigations of 
the research worker. There is considerable scope for investigation on the interplay of 
management, special pastures and diseases. 

If the recommendations of the two Hill Sheep Farming Committee's, whose reports 
were published last year, are implemented, a number of the problems that have been 
discussed should be greatly simplified, if not solved, with lasting benefit to the hiU sheep 
industry and to the nation. 

MOSES GRIFFITH. 


Welsh Plant Breeding Jf?TATiON, 
Pbnolais, Aberystwyth. 
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n. THE HIGHLANDS OF SCOTLAND 

Hill Sheep Farming in the Highlands is a relatively young industry. It was not 
until after the Jacobite Rebellion of 1745 that the first genuine hill sheep farm in the 
North or West of Scotland was established. Gradually the suitability for sheep of this 
virgin area became known and from Argyllshire, where it began, the influx spread gradually 
north throughout the whole Highland area. Possibly most of these hill sheep farms were 
c reated towards the end of the eighteenth and in the early part of the nineteenth centuries 
and their prosperity appeared to increase progressively up till about the eighties of last 
century. Since that time there has been a slow but steadily growing volume of complaints 
that the fertility of the hills is declining, the stock-carrying capacity being lowered and the 
incidence of disease increasing. 

It is true that sheep numbers in the Highland counties have decreased quite markedly. 
According to figures given in the Scottish Hill Sheep Committee’s Report (Ref. 1) there was 
a 25% reduction in total sheep numbers in the five counties of Argyll, Inverness, Ross and 
Cromarty, Sutherland and Perth — the five principal Highland counties — between the years 
1871-75 and 1938-42. During the same period total sheep numbers in the rest of Scotland 
increased by 27 per cent. In order that wo can see this decline on the hills in true perspective, 
and form some idea as to whether it can be arrested and if desirable reversed, we must give 
some consideration to the conditions that prevailed before these hill farms were created. 

Two hundred years ago the population of the Highlands was much greaU^r than it is 
today. Farms were small and numerous in the glens. The jirincipal livestock were cattle, 
shoe]) being fewer in number and being kept primarily- to provide wool for clothing. An 
area of ground near to the houses was cultivated for human food and for winter fodder for 
<*attle. The latter kept the lower slojws of the hills closely grazed and, under the sliieling 
system, were taken in summer to the up[>er parts of the glens and to outlying areas where 
water and pockets of better soil were to be found. Herding the cattle on these spots kept 
the lu»rbage tmder control and quite substantial portions of a township s grazing would be 
of this type. Bracken there was, but the plentiful 8U])plv of manpower prevented it from 
invading the better grazing areas. Away from the townships the hills earned a varied but 
l)lentiful amount of timber, which made excellent shelter for the (tattle, both bn‘eding cows 
and young stock. 

With the removal of most of tlu' timber from the Highland hills after J746, there were 
opened up large tracts of what w^as clean sheep grazing, and it is not surprising that 
the sheep farmers who invaded the area from the South of Scotland found it a most success- 
ful venture. As landowners learned of the rents that sheep farmers were willing to give 
they began, by methods not always creditable, to clear the glens of the existing small 
farmers and their families. It was a topsy-turvy revolution. W^hcreas previously men 
and cattle had been relatively numerous and sheep few, now' it w'avS sheep that became the 
dominant factor, while the men were reduced to the number required for shepherding and 
the cattle to the numbers that the shepherds could handle. 

While the immediate results of this change in husbandry were distinctly advantageous 
to all save the displaced tenantry, who either became crofters on the seaboard, or emigrated, 
the long-term effects were definitely unsatisfactory. It is now generally agreed that 
during the last seventy to one hundi’ed years there has been a sk'ady deterioration in the hill 
grazings, this being most marked in what were formerly the better grazed in- bye and arable 
grounds. Scarcity of cattle to keep coarser herbage in check has allow ed the rough grazing 
to come creeping right down to the bottom of the glens. Scarcity of men has allowed 
former arable ground to tumble back to poor pasture, and the fences that once separated 
some of it from the common grazing to disappear, so that one can hardly tell where the 
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boundaries oiu’e ran. Seareity of both c'attle and men lias let liraeken rreep right down to 
the homestead. 

This is a depressing story, foitunately not one-hundred -per-cent, true but nevertheless 
very largely so. It is a story of deterioration in condition rather than» as is often suggested, 
of decline in fertilit \ . The* de\gree of fertility was always low and th(* actual loss in mineral 
matter through the annual draft of lambs and cast ewx's from a sheep stock that does not 
number more than one ewe* jier five acres cannot make much diffcTcnce to the natural fertility, 
even in a hundred years. It may be that the deforestation of the Highlands in the seeond 
half of the (dgliteenth eentnry allowed a certain amount of erosion to take jilaee, but the 
greatest single factor in causing the subsecjuent steady decline in sheep numbers was un- 
doubtedly the failure to maintain the area.s of sweet, good she(*p grazing inherited from a 
husbandry based jirimarily on catth* and carried out by ampl(‘ nianjioweT* 

From this brief historical outline it must be obvious that one major problem facing the 
Highland she(»p farmer is that of ade(|uate nutrition for the sheep stock. IVimarily it is 
that of winter nuti-ition, since in summer there is anijile fresh green herbage, where*as in 
winter there is onl^ a mass of fibrous, coarse overgrown material, not very suitabh* tor 
mature animals ami wholly unsuitable for young orms. Normally hill (^w^es in th<* Highlands 
are in good condition in the autumn, hut by lambing time in spring they may have lost as 
much as a cjuarter or (‘ven a third of their weight. The fibrous winter diet cannot maintain 
weight and is a pcair pre])aration for a ewe to nurse her lamb adecpiately. It is no wonder 
the ])ercentage Jamb crop at weaning is low and, w bile sonu' of tlu* loss may be dm* todis(*ase, 
much of it is just plain starvation. 

To alter this downward trend of the last seventy y(*ars re({uirt*s an improve‘ment in 
(juality of parts of the grazings so that ewes can have at least })art of their winter diet of a 
more nutritious nature. An effective though slow w^ay of doing this is by the restoration 
of cattle to hill grazings. Stew^art Wilson (Ref. 2) reported in tliat the introduction 
of twenty (ialloway (*ows to the Boghall hill, wdiich is soim* .‘U)0 acres in extent, was to tlu* 
advantage of the sheep stock, “ the lambs having improved both in size and in cjuality.' 
He further stated that ” while the grazing of cattle on hill land may not give the sj)ecta(*ular 
results to be derived from surface cultivation followed by the applic ation of })hosphates, 
the cost of r(*clamation by this method is low , the effect is w idesj)read and tlu* improvenient 
is of a steadily ( tJinulative character.'’ 

The Boghall hill is not, how'ever, typical of Highland hill grazing, being in tlu*South(‘rn 
Uplands of Scotland. There are, nevertheless, farmers in the Highlands wdio hav(* rein- 
troduced cattle to their hills with belief icial results. Duncan Stew art (Ref. 8), as a result ot 
his experience^ in .W(*st Perthshire, has stated “cattle will also open up for the sheejimany 
other ])arts of tin* hill where the finer grasses have be(*n swamped by the rougher types. 
On account of this it can be said that, far from causing a diminution in the shee]) sio(*k, 
cattle will h(*ip to increase the number of .sheej) which a hill will carry. At the same time 
the existing stock will greatly benefit by the imjirovernent in the gem*ral grazing on the 
hill.” This exjjerience and conclusion is based on careful observation in connection with tlu* 
most extensive effort in lecent years to restore to former jirodiK'tivity large stretcluvs of 
hill glazing, tliat of Ben (.’hallum Ltd., in Glen Loeliay. Tn this (connection Stewart stresses 
the imjjortance of a permanent lu*rd so that there may be conlinnous cattle grazing all the 
yt*ar round. 

As has already been .suggested, to depend on cattle alone for an improvement in tlu* 
(pialit y of the grazing on a liill farm means a w ait of several years. Accordingly, w'here there 
is former arabk* land, quicker improvement Tiy cultivation has to be considered. Generally 
speaking, nortli of the Grampians only land that was once cultivated as arable is capable 
of lieing tackled now, even h\ modern equipment, and in fact some arable land that might 
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once have been reasonably well ploughed by horses cannot always be dealt with by modem 
tractor ploughs. There are, nevertheless, thousands of acres that can be dealt with by 
modern equipment and, provided the land is adequately supplied with lime and phos- 
phates, it can be rese^eded to vastly improved grass with little difficulty. 

Direct reseeding, although by far the most successful and the quickest method of effect- 
ing an improvement, is also tlie most costly, despite the quicker returns. Because of its cost 
it is not really an economic method of dealing with an}' areas that are unenclosed since, 
unless the grazing can l>e controlled, the quality of the improved pasture soon deteriorates. 
Even if the areas are eiK'losed they must be used for 8i)ecific purj)oses, rather than for general 
grazing, if a return commensurate with the cost is to be obtained. One such purpose on a 
Highland hill sheep farm is the wintering of younger ages of shc'ep. Actually most High- 
land hill sheep farms find it nec(‘ssary to winter away on lowland arable farms the ewe hoggs 
(females between six and twelve months) that are retained for bringing into the breeding 
flock, sinc(‘ few have arable ground of their own on w'hich the hoggs can be wintered and, 
siru^e, if they are kept on tlie hill they make insufficient growth, mature slowdy and suffer 
(‘on.siderable loss. In fact home wintering, if it is persisted in for several generations, 
finxluces a very inferior flock. 

In })re-w'ar days the cost of this away wintering was about ten shillings per hogg, a sum 
considered reasonable in flocks of good standard. This cost had, how'ever, been slightly 
on the iruTcase, while good winU'ring had become increasingly difficult to find, partly because 
of the decline in arable farming between the two w'ars and partly be(^ause some farmers 
who formerly wintered ew'e hoggs had developed breeding floeks of their owm. With the 
big reduetion in grassland that followed th(* ploughing-up campaign early in the war the 
problem of seeuring gocwl wintering became very acute and the cost rose until it now' ranges 
uf) to much fia £1 per head. In relation to existing hill .sheep prices this (‘O.st is exee.ssive. 

There is also a staial as])eet to the problem. With bigger flocks it is customary for a 
sliepherd to accompany the hoggs, and to herd them throughout the winter months. 
Normally thi.s task falls to a young but ex]Kjrienced shepherd, and, as it means spending 
the winter away from Ivis wife and children, it has become increasingly unpopular and is 
having an effect on the recruitment of young men to hill slu^ep farming. 

With a view' to overcoming this problem some consideration has been given to the 
resetnling of suitable areas on hill farms to allow' ew'e hoggs to be wintert^l at home, and an 
iniiTcsting experiment on these lines has been made by Mr. F. 8. M. Grant at Knoekie in 
Tnverru^ss-shire. The hill on this farm carries a flock of approximately 300 Blackface 
ewes, and for many years it was customary to send about 1(X) ewe hoggs away eatih year for 
wintering. Included in the lower part of the hill was an area at an elevation of betw'<‘en fi(K) 
and 700 feet which was probably once the site of a crofting towmshi}), but which must have 
gone out of cultivation fully one hundred years ago. It had a northerly exposure and con- 
sisted of a dry, free soil, of moderate depth and containing boulders. The* herbage was 
mainly bent gniss wdth some braeken and heather. In general many such are^is — sometime.s 
enclosed, sometimes part of the outrun — can be found on Highland hill farms. 

]n 1938 Mr. Grant decided to enclose this area and to im[)rove it. To keep fencing at 
a minimum involved enclosing 30 acres, of which about 15 acres were pioughable, the 
remainder being primarily heather on ground never before cultivated and too full of boulders 
to tackle, even with the most modern equipment. The bracken was cut in late summer and 
the suitable land then ploughed by tractor. Soil tests having been made, there was applied 
30 cwt. Ground Lime, 10 cwt. Basic Slag and 3 cwt. Potash Salts per acre. At the end of the 
winter the land was cultivated, the bracken roots removed and a seeds mixture sown in a 
firm seed l>ed in April 1939. 
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Since then tliis area has been managed with tlie primary purpose of providing winter 
grazing for ewe hoggs. This is done by alternate resting and grazing as follows : — 

(a) From the time the hoggs are removed in April the sward is msted for four or five 
weeks, giving the early and good plants a chance to recover from the heavy winter 
grazing and to build up nmew^ed vigour. 

(b) From mid-May to mid-August about twenty Highland cows and the?ir calves are 
used to graze the area and to eat the herbage do^ni closely, so that any inferior 
yjlants that invade the sward are prevented from maturing and becoming established. 
Cattle have proved extremely satisfactory for this summcu* control and for prevent- 
ing the grasses running to seed. An alternative would have been to cut the 
herbage for hay or silage, but this would have removed more from the land and 
would also have involved more labour. 

(c) From Mid- August until the end of September the herbage is again given a com]»lete 
rest so that it can build up a good leafy growth of four or five intdies in pre[)aration 
for the winter grazing. 

(d) From early October to mid-April the area is grazed by the* ewe hoggs, which 
receive no other food except in ver}' severe storms, though on occasions they may 
be allowed an outrun on the hill. 

In this way Mr. Grant has been able to winter on this area about UK) ewe hoggs each 
year since 1939, thus avoiding an expenditure of ajiproximately £75 per annum which might 
be taken as a moderate estimate of what the away- wintering costvS during that period would 
have been. Careful costs were not kept of the actual operations of reseeding, but/ with the 
exception of the fence, which had to be such as would exclude deer, it is know n that they 
fell short of £200. Since then there have been small outlays on fertilizer, chiefly as a 
reviver, in spring after the heavy winter grazing, but this has been mu(ii less than w^as 
expected. The cattle -grazing in summer has been remunerative in it^eif, anti Mr. (irant is 
satisfied that the venture has been most profitable. Where a fence* has to be ereeded this is 
a costly item and must not be overlooked. In this j)articular case a deer femte was necessary, 
but it would be unfair to charge the whole cost of such againsf the improved area. 

A factor of real imi)ortance in this case is the survival of the sown grasses. If they had 
failed to ])ersist, and the sward had needed to be renewed every few years, the project 
might not have been wwth w hile. Actually there was extremely little deterioration at the 
beginning of the seventh w inter’s grazing. If the sward can he maintained foi* ten s ears - 
and on its present showing this is <^asily possible— it will not only have fully recovered the 
outlay but have also built uj) a reserve from which renewal can be met. 

An equally important test, in fact the primary test, of successful home wintering is the 
condition of the ewe lioggs themselves, not only at the end of the winter but as mature ewes 
in later years. On this score both Mr. Grant and other hill shoe]) farmers wdio liavc* se<m 
the flock are satisfied that the hoggs winter as well on this area as they woiild on an arable 
farm at a distance and that their subsequent growth and breeding performance is as good. 
The flock is in no way deteriorating. This result is in keeping with other experience. In 
the winter of 1944-45 the ewe hoggs on the Glensaugh Hill Experimental Farm of the North 
of Scotland Oollege of Agriculture were divided into two lots, one of which was wintered 
at home on old arable land, fenced from the hill and ploughed and reseeded, while the other 
was wintered on arable pastures elsewhere. In this cavse the home- wintered hoggs actually 
put on a greater iiveweight increase during the winter and, in appearance, looked definitely 
sux)erior to those wintered away. 

Many experien< ed hill sheep farmers maintain strongly that aw^ay -wintering of ewe 
hoggs is to be preferred and that without it flock deterioration will be met. Usually, how- 
ever, their experiences have been with wintering on the hill and not on improved grazing. 
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Provided that suitable areas are selected and that the mineral deficiencies in respect of lime 
j)hosphate and other materials are made good, there would appear, in the light of these 
experiences, to be no reason why home wintering should not be as satisfactory as away- 
wintering. It has, of course, to be kept in mind that some hill farms have not a sufficient 
arf^a of improvable land to carry their normal ewe hogg complement, and in such cases home 
wintering is imj)ossible. Other farmers also maintain that if they could improve such an 
area they would find it more profitable to send their hoggs away and use the better grass at 
home h)r wintering some of their ewes. 

Thougli the need for providing better wintering has been stressed above, it is by no 
means the only major problem facing the hill sheep farmer. Breeding for hardiness ” 
and .survival is of equal importance. Not every shepherd will agree that the hardiness of 
our hill breeds has deteriorated, but there is little doubt but that this is the fact. One impor- 
tant cause is the m(*thod of bringing out rams in fashionable flocks. Though the average hill 
farnuu* (lrK\s not buy rams from those flocks that bring the highest prices at a few special 
ram sal(*s, he is influenced by them. There is, to all intents and })urposes. a ])yramidal .structure 
in ram breeding in hill breeds. At its apex are a few flocks, (joncentrating on turning out 
rams for these sal(‘s, in which the ewes are not kept under hill conditions except for a very 
short spell in summeu*. During winter, when liardine.ss is of first importance to a hill ewe, 
they an^ usually in emOosed fields, partially slndtered from the storms and other hardships 
that the true hill ewe has to experietu'C. Their ram lambs seldom see the hill and are in fact 
wintered on good fare, sometimes under cover. This may have the advantage of showing 
fattening ability and early maturity, but it is done under (conditions such as a normal hill 
sht'i'p never se(‘s and it is not a test of snitahilily for hill conditions. In fact it may ineserve 
sh(*(‘p d(Tinitely lacking in hardiness, unless the flock is periodically rephmished by .selected 
hardy t‘W(‘s from the hill. Rams reared in these flocks do not, of c ourse, find their way into 
c(mim(T(‘iaI flocks, but the ram lambs from the ewes with which they are mated will in all 
probability do .so, and in this w'ay jiractices w^hich may be profitable to tin*, individual ram 
brc'cch'r, but ar<‘ in the long run disastrous to the hill sheey) industry, are. having a progress- 
si vt*ly insidious effect. 

Allan Frast'r (R(‘f. 4) has given figures from the records of tw^o hirsels of commercial 
Bla(‘kfa(*t^ stoik on a jirivat e farm in Argyllshire, which show" that the number of ewes drop])ed 
from 99S for the years 1912-1() to 910 for the years 1926-30. Over the same period the 
))ere(»ntageof lambs weaned remained more or less constant, dropping from 65 t o 64, but the 
])ercentage of mortality amongst ewes and hoggs increased from 10 to 15. Such reduction 
in the t‘W(‘ stock and incTease in the mortality rate is quite common. Similar figures could 
be got from the records of many hill farms and the irayiLied fall in output per man employed 
is such that, without- a reversal of the jiroce^s, there can be no economic future for many 
exi.sting hill farms. In fact this branch of farming cannot face the increased costs and 
changed so(*ial demands that the war has brought in the same w-av that arable and dairy 
farming may do. The work of a hill shepherd cannot be mechanised as can that of the 
])Ioughman or the dairy cattleman. If, therefore, the increased output per man that is 
being secured elsewliere is to be secured on hill farms it means restoriiig if po.ssiblo t he former 
rates of stocking and definitely reducing the present high mortality rates. A reduction in 
the latter reflects a general reduction in disease and in flock troubles and a less strenuous 
time for the shepherds. 

An interesting experience in selecting for hardiness in a Bla(?kfaec flock has been des- 
scribod by Ian E. Sandison (Ref. 5) who farms in the Island of Unst in the Shetlands. 
By rigid selection on the basis of ability to survive and do well, without extra assistance, 
on the natural herbage of the hill grazings on his farms, he reduced the mortality rate in his 
flock in the ten years up to 1934 by over 50%. A recent visit to this farm show^ed that the 
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process of selection on these lines has been continued since then with marked success. 
One great difficulty arises in securing rams known to be sufficiently hardy for the flock. 
In fact this is extremely difficult and new rams are tested very severely, the produce of any 
which themselves fail to meet the requirements being discarded. The reduced death rate 
in both young stock and ewes has lowered the numbers that need to be reserved each year to 
maintain the breeding flock and so it is possible to cull these heavily. In regard to wool and 
certain other features the type has alt€*red, with advantage, to that of the hardier shee]) 
of last century, but, as the flock is managed to secure good financial returns and the lambs 
are sold in the commercial market, attention is given to maintaining good body conformation. 
It has been a definite experience in tliis flock that making hardiness the first essential has 
reduced markedly the amount of shepherding required, even at lambing time, and has not 
led to any sacrilic(‘ either of prolificacy or nursing ability, in fact good milk'iig capacity in 
the eu'e seems to be associated with hardiness in the offspring, and well-nourished lambs 
stand a better chance in the survival of the fittest. 

The Scottish Hill Sheep Cormnitte(*’s Report (Ref. 1) stated ‘‘ Though no statistical data 
arc available regarding the incidence of disease among sheep flocks in Scotland, the evidence 
from pracitieally all sources emphasizes the major importance of this factor in the economii‘ 
losses sustained by the hill farming industry. There is also evidence to indicate the 
increasing prevalence of disease in rec^ent years. Apart from the mortality among lambs 
and Impeding stock, widespread morbidity has contributed greatly to the lowered pro- 
duction of the industry and the progressive det/crioration of hill flocks. ' ’ 1 1 is true that rn ucli 

loss is caused by specif i(‘ infective diseases, for some of which rcseardi institutes have ahmdy 
indicated satisfactory methods of treatment and for others of which investigational work is 
proceeding vigorously. The indi<^ations are, however, that the loss due to nutritional 
disorders and deficiencies and the black loss due to la(‘k of hardiness amount in all to 
raiu'h more than that caused by what the sheep farmer norrnallv'^ regards as disease. Though 
there is already quite an accumulation of knowledge on what is necessary to improve the 
standards of nutrition, much researc;h and experiment is still reepured U) ascertain mort* 
about the grazing habits of sheep and cattle on hill grazings and, to assess how far the results 
of res(*arch can be put into ])racti<?e effectively and eeoriomic^ally. 

Further, the liill grazings of the country call for a survey in respect of their utilization. 
The future? deinaml fur land for afforestation will be great, and it is es.sential that the in- 
discriminate use of hill land sliould be avoided. Actually there are hill farms which have 
become so overrun with bracken that they are virtually useless for sheep grazing, while? the 
eradication of the brac'ken by normal methods is impossible because of the nature of the 
ground. HertN in the light of existing knowledge, planting with trees is the only pe>ssible 
means of adequate utilization. Other farms and hirsels have become uneconomic to operate 
for a vari(‘ty of reasons, and in many cases the capital expenditure that would be required to 
make them workable would be out of all jiroportion to their production if improved. 
Siicli should also be planted. Provided a survey is carried out by competent individuals 
and th(? afforestation is on a planned basis, there need be no antagonism between hill sheep 
farming and forestry. In fact the latter could operate greatly to the advantage of the 
former. Though the clearing of trees from the Scottish hills two hundred years ago may 
have made possible a Highland sheep industry, it is a pity that the clearing was so 
thorough, since the area hits suffered ever since from the need for adequate shelter. 

Tlie impoi tanco of hill sheep farming in Scotland cannot be denied, since on it depends 
the whole of th<» lowlaiul sheep industry, based as it is on ewe flocks composed of first-cross 
ewes bred from hill strick. What is required to-day is the necessary stimulus to encourage 
hill farmers to imi>rove both thefr farms and their stock. Both aspects need to be dealt 
with, though the major task is to fit the sheep to the hills rather than to make the hills suit 
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the sheep. Whatever may be done elsewhere, in the Highlands extensive improvement 
of the open hill is limited in the main by factors which make it economically impossible. 
Nevertheless the reseeding of former arable areas, the burning of heather on a rotational 
basis, the maintenance of hill drains and the introduction of cattle are all feasible and until 
they are done deterioration will continue. Wartime experiences have shown forcibly that 
nothing stimulates a farmer to improved farming methods more than economi(?ally 
satisfactory conditions of production. At present hUl sheep farming is not in a healthy 
or satisfactory state and none of these problems of turning hill farms into efficient production 
units will be widely tackled until the farmers concerned have greater grounds for looking 
optimistically to the future. 

A. R. WAXXOP. 


Tjik North of Scotland 
C'OLLKGE OF AgRICCLTCRK, 
Aberdeen. 
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m. THE IMPROVEMENT OF IN-BYE OR ENCLOSED AREAS. 

In the final analysis there Is one problem in hill farming, namely that of securing an econoniitj 
return ; but there are many questions of management \i'hich vary in importan<‘e according 
to the districjt and the jiarticular kind of iiill farm eoncerned. On many hill farms with which 
th<* writer is familiar, the supply of hay for winter feed is of great importance. It is of 
special significance if cattle breeding and grazing are to be developed with consequent 
l)en€‘fit to ilie quality of the rough grazings, and as is to be 1)0 ]h*( 1, to the farmer's balance 
slu^et. The princi}ml objective should be increased output, and for hill farms this means 
increased sales of stock. In the main this is not likely to come from increased numbers of 
slu^ep on the hills, for nothing is easier or more fattil than overstocking with shee]), and a 
reduction rather than increase in numbers may on some farms make possible lietter results. 
BetR^r coidrol of disease, general improvement in the health and vigour of our flocks, and 
management which reduces to a minimum mortality in both ewes and lambs, are methods 
which, as they are more fully undt^rstood and applicnl, will help to increase output. The 
improvement of the enclosed fields to w^hich this section of the study is limited has a ptirt 
to play in this connection. 

Not all hill farms arc capable of carrying more cattle, and even on farms considered 
suitable for this development it must be carried out judiciously and with due regard for the 
seasonal requirements of the sheep. Building accommodation, es|>ecially if the young cattle 
are to be wintered rather than sold in the first year as weaners, and the labour required 
for tending cattle there are factors which must be given e-arefiil thought. Seasonal agist- 
Bient of cattle is not an adequate solution to the problem of increased output on hill farms. 
More and better food for stock is the primary' need if this increase is to be achieved. 

More and Better Hay. 

On many hill farms known to the writer the hay supply is inadequate, and leaves little 
or no reserve against a bad winter. The trials referred to later were carried out following 
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a succession of bad winters, which had resulted in a considerable number of deaths among 
sheep due largely to a shortage of hay. This survey refutes the opinion that hardiness is 
the product of semi-starvation. An inadequate hay supply is a factor which, in the writer’s 
opinion, exercises over the 3'ears a serious cumulative effect on many hill farms. It is a 
handicap to output which is often insufficiently realised. 

Any suggestion relative to the introduction or possible increase of cattle on hill farms, 
especially if, as in the case of a breeding herd, wintering is involved, commonly meets with 
the limiting factor of lack of hay or other winter feed. When the writer used to suggest 
the possibility of increasing the yield of hay he was commonly informed that the results of 
manurial trials on the hay crop in the lowlands could not be repeated on the hay fields on 
hill farms, and this for at least two reasons, {a) altitude and later seasonal grow th and (^) 
late grazing due to the fields being used for lambing well into May. 

In 1935 trials were commenced by the writer (Ref. 1) in collaboration with the (Vnnity 
Agricultural Organiser in Northumberland. Three hill farms were selected and plots were 
laid down on two enclosed hay fields on each farm, the farms being (^arefulh^ chosen for 
geographical situation and also to repn'sent high, medium and low-fertility holdings. 
The fertilizers used were nitro-chalk and l.f-.l. Concentrated Complete No. 4, at the rate of 2 
cwt. and 3 cwi. ])er acre respec tively for each of the three years, 1935-37. Weights of hay 
were taken for three seasons and for two years {1930-37) weighings were made* from 
duplicate ])lots with the addition of certain dunged and siag-plus-potash plots. 

The outstanding result of the trials was the demonstration (nothing more is itnpli(*d 
by this word) of the res])on8e of the land to more generous manurial treatment, as is (‘viden(‘ed 
by the following results - 

QUANTITATIVE RESULTS. 

TABLE 1. 

Yields of Hay in (Vt. per aen^. 

Three Years’ Av’erage (1935-37) for Onjjfinal Plots. 

NewbiggfH, The Combe Hujh Shair. 


Plot 

West 

40-a<'re 

Lorijfri^jB:s 


Small 

1 airge 


Meadou 

Meadow 

Low' Awa 

Hijtfh Area 

Meadow 

Meadow- 

Nitro-(.’halk 

.50-2/3 

.50- J 

37 

3r,-2 3 

30-2/3 

305 

Complete 

02 2/3 

53 

49-2/3 

39 

30-2,3 

40-2/3 

( Control 

4()-2 3 

32 

34 2,3 

29J 

17 

21-2/3 




PiereaHe over 

(’ontrol Plot ((VI 

S'.) 


Nitro-Chalk 

4 


‘>i 

-a 


19-2/3 

H-2/3 

Comj)lete 

10 

21 

15 

9-2/3 

19-2/3 

19 


The figures show' that, while the dressing of Nitro-Chalk produced in one ema an 
increased yield of more than one ton pt^r acre, there is very wide variation in the effects of 
this treatment — ^tlie increases ranging from less than 10% to ovf^r 100%. It should be noted 
that the liigh increases occur on the 40-acre Meadow^ at Newdhggin and the Small Meadow 
at High Shaw. These instances of high yields appear to be due to recent substantial appli- 
cations of phosphatic manures to those meadows. 

The Complete Fertilizer gave consistently good yi(dds, the increases ranging from 
about I to 1 ton per acre. Again the highest increases in yields were obtained on the same 
two meadows mentioned in the previous paragraph. The average annual increase for the 
six meadows from this treatment has been 16| cwt. per acre, being 55% over the control. 

The dunged plots limited to five of the meadows gave an average increase of 1 1 J cwt. per 
and the slag and potash treatment, (confined to three meadows, gave very uniform 
increases, the average being 8 cwt. per acre. This increase compares with increases of 
8 cwt. i)er acre for the nitro-chalk treatment, 14 J cwt. for the complete fertilizer treatment 
on the duplicate plots in the same three meadows, Cc., for the two years' average. 
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Although the results are strictly comparable it is worthy of note that, in 

the well-known Cockle Park (the Northumberland County Experimental Station) meadow 
hay trial in Palace Leas Field the percentage increase of crop for the first three years resulting 
from the applhiation of a c ompl(‘te fertilizer on land yielding 19 cwt. per acre when un- 
manured, was 43%. In the hill farm trials, using a complete fertilizer for three years, the 
))er(^entag(» increase was 55%, an increase obtained at an altitude hundreds of feet higher 
than Cockle Park and from applications of fertilizer which could not be made until the 
fi('lds were finally cleared of stock in May. 

In addition to H(*(‘uring the bulk weight of hay from the different treatments it was 
arranged with the helpful collaboration of Mr. B. Thomas, M.8c., A.I.C., Advisory Chemist, 
King’s College, to obtain analyst's of the different samples of hay . It was found that balanced 
manuring, i.e,. using the eomplett' fertilizer, including nitrogen, phosphate and potash, 
affet'ted a marked increase at each centre in the total production of prottdn, lime and 
j)hosphoric acid. 

The need and value of ladter manurial treatment for the hay land on our lull farms is 
confirmed also by the results obtained from the use of farmyard manure in these lull farm 
trials. The dung j)lots rt'ceived annual dres.sings during these trials. Most hill meadows 
i«(H*(>ive ilung, but the quantity per acre and intervals between drc'ssings vary greatly and 
generally sjieaking are inad(‘(piate. Analyses were made of typical samples of the dung 
used on tliese hill farms. The figures show a comparatively low ])erc*entage of nitrogen and 
}jhosj)horic acid, the potash conUuit being lielj)ed where bracken was used for bedding. 
Shortage* of adeipiate available nitrogen is no doubt a sf*riou.s limiting factor in securing 
bulk growth on many of our hill meadow^s, and it was not surprising therefore that striking 
increases were obtained in tlu^st* trials from nitro-chalk alone. There is certainly scope for 
increas<*d use of nitrogen for top dressing old and new land meadows to provide hay and 
aft<*rmath silage ( uts. It was observed, however, that the best result from active nitrogen 
on these mea<lowH was obtained where phos]>hat(*s had been applied ])reviously and fairly 
n^<^entl\', a result which the wTiter has confirmed by many subsetpient observations on low- 
land as well as on hill farms. The restriction in the use of phosphates, and especially slag, on 
permanent grass during the war years, means that there is now^ an urgent need for phosphates 
on hill farm inejulows. 

Drainage is also a matter which is in rmsl of much fuller attention on many of our 
enclosed hill meadows and grazings, and there will lx* much to be done in open and closed 
drainage on our hill farms, whcui labour and capital are more freely available, to make the 
land sounder for iiiereased j)rodu(‘tion. 

Lime is certainly another fundamental need of our inbye meadows, and it is pleasing to 
note that the lime subsidy is making some contribution to the meeting of this need : but 
much more is needed and, in the WTiter s judgment, an increase itv efficient (‘ontract lime- 
sprc'ading servi(?es w'ould be helj)ful in overcoming })resent labour difficulties. 

Summarised, it may be* said that tliese trials demonstrated beyond a doubt that much 
improvement could be obtained in the hay crop of our hill farms by more genc^rollS and 
systematic manuring resulting in more and better quality winter kee]>. I'hc* trials concluded 
in the year in which the Land Fertility Act introduced the subsidies on lime and basic slag. 
fTiven (confidence in the future, and capital to lay out in fertilizers, a fuller appreciation of 
the implied recommendations of the report might have been expected ; but alas, both these 
facjtors were lacking and it was not until the outbreak of the present war that the parlous 
<iondition of our hill farms w^as recognised by practical (financial) measures which have 
assisted though they have not remedied the position. 
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Re-seeding. 

The present war and, in particular, the Food Production Campaign, has involved the 
use of the plough on some hill farms for the first time in living memory, and on others to a 
much greater extent than was deemed necessary in the war of 1914-1918. In addition to 
areas ploughed up for cropping with oats, green crops, etc., some land has been ploughed 
for direct re-seeding. The following extract is taken from the Report on the hay trials 
referred to earlier, written in 1937 : — 

*‘ There is much evidence on many hill farms, including the centres at which these trials 
“ were conducted, of the usefulness of the plough, where circumstances permit, in making 
‘‘ possible the production of better gnuss whether for hay or grazing purposes.” 

It is hojied that the land ploughed in recent years will be put back to good grass but the 
full repercussions on the stock of hill farms as a whole of the change to nev gr.iss are as yet 
unknown. That improved hay crops and better grazing, both in bulk and in resj)eet of 
protein production and mineral content of the swards, will result are not doubted, but the 
effects on the stock carrying capacity of the farm and the nutrition of the breeding animals 
are, in the writer’s opinion, not yet fulh' understood. There are hill farmers who, years 
ago, r|uestioned tlie value of slag treatment on in-bye land for the reason that it made too 
wide a difference between the natural grazing of the out-bye or hill and that of the (*nelosed 
fields, with consequent deleterious <‘ffects on the ewes. If there Ls any truth in the ill- 
effects of such treatment of the in-bye land (which the writer doubts) tlu*. argument would 
certainly be stronger if well-manured, re-seeded land was used in th(‘ com]>arison. There is 
certainly an o])inion that the hay from the re-seeded land does not give* as good 
results on tlie hill farm as the hay M^on from such land before iinj)roveTnent. 'J'ime and 
nature may, of course, even-U]) to some extent any siuh marked differerujcs, for the most 
common question asked by hill and marginal farmers (‘oncerning re-seed(Hl land is “ H(»w 
long will it last ?” It would appear that, given reasonably good grazing management, it is 
not until fj and 6 years old that such re-seeded land becomes int(Tmixed with bent, York- 
shire fog, crested dogstail, etc., and assumes a closer resera blanf;e to tho.se old permanent 
swards which have been improved without ploughing by generous slagging and good grazing. 
Under poor soil conditions, poor drainage and inefficient grazing management reversion is, 
of course, quicker, Northumberland experience indicates that, when re-.seeding very 
poor land, tlie quality of the new sward and especially its “ lastingness ” as a pun^ sward*, 
arc much better if this seeding down is done in the second year afU^r ploughing, i.e., prci^eded 
by a conditioning ” crop. In the first year or two of the new^ swards there is, however, 
certainly a marked difference in th<^ chara<‘ter and quality of the herbage as compared w^ith 
the older grazintr. IMuch-needod work at the ])reseiit time is a (;om))ination of chemical 
analyses and feeding trials with cattle and shec^p on the new and old -land hays produced 
and fed on hill farms. That new-land aftermath.s can be very useful on a hill farm for carry- 
ing the lambs on to a later sale date and to better sale condition is true, but, in the main, 
the hill farm is most usefully employed in breenling rather than fattening stock, thus 
exploiting its natural environmental conditions for the jiroduction of vigour and constitution 
and capacity to make use of better food on the lowland farms. It is important therefore in 
adopting re-seeding on a hill farm to consider carefully its jdace in the evolution of a balanced 
hill farming j)olicy. New" leys will exist on many hill farms in the next decade by reason 
of the fact that wartime ] dough ing has been done on so many of these farms and the likeli- 
hood that most of this land will go back to gra.sa. Re-soeded land and more hay on hill 
farms may make a useful contribution to the wintering of the ewe hoggs where these are 
not sent for th(' first winter to a lowland farm. Hill farmers are generally agreed on the 
importance of this first wintcu' in relation to the subsequent u.sefulness of the hill ewe and it 

♦By which term is moatifc the long livca spacies sown in the original seeds mixture. 
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would seem that amongst the advantages gained by wintering on another farm are better 
nutrition and cleaner (i.e., as regards sheep grazing) land. New leys once established may 
secure these advantages on the farm on which the sheep are bred. Some farmers have 
discovered or re-discovered the value of an area of arable in i)roviding food for stock in the 
winter, especially for cattle, and may desire to retain some land for periodical ploughing 
and tTOj)ping. If it can be economically worked there is much to be said for this plan. 
Turnips, rape mixtures, and oats, even if the last-mentioned have to be cut on the green side 
to bo fed unthreshed to cattle in the winter, and also silage croj)s have proved useful on 
those hill farms favourably situated for marginal or lower land cultivation. 

Even when no such arable cropping is contemplated for the future — and this is largely 
bound up with the costs of cultivation in relation to prices and the provision of an efficient 
contract system — direct re-seeding will continue to spread up towards the higher altitudes. 
Meadows with poor, weedy swards with heavy infestation of ])lants like yellow rattle (Bhin- 
avthus rrista-galli) which are ploughable can be improved b}’ re-seeding quicker than by 
any other method. The cost of this re-seeding to the farmer in Northumberland in the 
last fev' years, when done by contract, has been on an average about €12, before deduction 
of the grant of £2 jjer acre ploughing subsidy granted for approved schemes. Wlien the re- 
se<*ding has been done by the farmer himself the cost has betm about £10 10s. per acre, before 
deduction of tlu* subsidy. The chief reason for hesitation in adox)tlng direct re-seeding on 
mans hill farms has been the lack of confidence in the future and, therefore, in regard to the 
possihl<‘ returns from such improvement. For, as in the ease of mole draining, the costs of 
r(‘-s('(»diiig may vary greatly by reason of the expenditure on what may be described as 
subsidiary work. At one of the re-seeding demonstration centres for which the writer is 
n‘sponsil)le pra(‘ti<*ally worthless fell grazing was ])loughed ; it had then to 1)0 fenced, 
wat(‘*ed. stoned and in part drained. Excluding the cost of fencing (£2 lOs. y)er acn^) and the 
drainages the eost of re-seeding this area was about £16 Ids. ])er acre, before deduction of 
the jdoiighing grant of £2 |>er acre. It will be seen, therefore, that land reclamation of this 
kind may involve an expenditure of £20 or more an acre, and should not be embarked on 
without careful eonsid<*rat ion of the capital value of the land, the particular circumstances 
of tl)e field and farm, and the probable returns. 

On hill farms the securing of the return from re-seeding by grazing is not so straight- 
forward a matter as on the dairy farm. For one thing the necessary cattle to giazctliencw 
ley in its first year (a very desii'ablc procedure even though the field is subsequently used 
for hay) may have to be purchased as spring stores and sold in late summer, a finamaal outlay 
w’hicli ma^ be considerable and often of a highly speculative nature. Xr)thing will spoil a 
new ley more than under-grazing, especially if 8-10 lb. Italian ryc*grass per acre is used as 
the nurse cro]) for the seeds mixtun% and cattle as well as shwp are ne(*essary for the grazing 
of new leys. When rape is used as the nurse crop experience indicates that rather less than 
the standard 3 lb. per acre may Ik? best — .say 2 lb. — unless one can be sure that the rape will 
be grazed reasonably early and grazed off clean w ithout undue delay. A dense growrth of 
rape, stocked rather on the late side or not fully stocked, will tend to smother out the young 
seeds. In these days wlien go(xi seeds mixtures cost £4-£5 piT am* a hill farmer cannot 
afford a failure of the seeds. 

When the land is “ conditioned by grazing a folding crop in the first year this may 
b(^ a substantial aid in securing some financial return from the feeding of sheep prior to re- 
seeding, It is important, both for the sake of this folding crop and also that of the seeds 
sown in the second year after ploughing out, to pay due attention to liming and jihosphates. 
Jt is t herefore an ^vantage, especially on poor land, to apply, in addition to the other 
fertilizers used, 1 cwt.of sulphate of ammonia for the conditioning crop, for the better the 
growth of this crop the more sheep can be fed, with the consequent better manurial residue 
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to the land. A typical procedure after good ploughing has been the application of 30 cwt. 
ground limestone (form and quantity of lime governed by the pH figure of the soil test and 
other circumstances) disced in, followed by 3 — 5 cwt. superphosphate and 1 cwt. sulpliate of 
ammonia per acre a})plied in preparing the seed bed, the land being worked as line and firm as 
possible. The kind of mixture wliich has been recommended by tlie witer during tlie war, 
and which has proved useful under a variety of conditions is as follows 5 lb. raj>e, 8 lb. 
Italian ryegrass and \ — 1 lb. Hardy (xreen turnips per acre broadcast. This mixture has 
given results varying from 10 — 25 sheep fattened per a(Te. There are, of course, various 
mixtures including rape as well as other plants. The advantage of the ryegrass and turnip 
mixture over rape alone is in the improved j)alatability and longer effective? feeding ] eriod. 
The following year the seeds should be sown afto securing a tilth by discing and rolling or 
1)3" ploughing, discing and rolling ; a fine consolidated seed hod is essential. The standard 
(;!ockle Park seeds mi.vture, 10 lb. j)erennial ryegrass, 8 — 10 lb. cocksfoot, 4 11). Timothy, 3 — 4 
lb. late flowering red clover, 1 lb. wild white clover, has ]3roved very satisfactory in Northum- 
l>erland at a wide range of altitudes, subject to minor modifi< ations and using in j)art or in 
whole, spe(;ia] leafx" strains where desired. Broadcasting by fiddle or box seems to give Ix^tter 
results than using ordinary drills, though if the last-named are used the drilling should be 
done both wavs. Special grass-seed drills may give good results as the\'^ are developed for 
more general use. Eight to ten cwT. basic slag (depending upon grade) mav meet tlu* initial 
needs of the young seeds. In the above mixture the timothy is somet imes omitted and in 
other cases the cocksfoot. The timothy seeding is increased w hen cocksfoot is excluded. If 
the seeds are not to be used for hay in the first tw^o \^ears the red (‘lover is omitted and 2 lb. 
Alsike and w’hit<^ clover substituted. 

Improvement without ploughing. 

There are still thousands of acres of fell or " white ” land which are ca])able of considerable 
improvement by intensive grazing and treading by cattle and suitable fertilization. The. 
tradition dies hard amongst some shepherds of the need for abundant strong growdh of 
grass for the ewes. On examination of white laud such as is typical on the (/heviots it is 
found that, of the 1| — 2 acres of grazing allowed for a eWe, rather less than one-third 
is effectivel}' grazed, though it is, of course, true that the poor nature of much of the 
herbage necessitates a wide range for the animal to enable it to secure adequate nutriment. 
Nevertheless by grazing off much of this roughness, reducing the mat b 3 " treading, pitch- 
])oling, and by slagging or liming or both, useful grazing for cattle and better ultimate grazing 
for the sheep can be attained. For this kind of improvement fencing into reasonably sized 
enclosures (40 — 60 acres, given sufficient cattle, is the maximum preferred by the writer) 
is a necessary first step, and the all-important matter of access to an adequate drinking 
water supply must receive like consideration. More use might be made of the electric* or 
other similar temporary fence in carrying out this kind of improvement for smaller areas. 
Improvement by enclosures of this kind are in the wTiter’s judgment to be preferred to 
slagging random small areas on the unenclosed hill to form “oases’’ of clover and mineral 
richer herbage. Nearl 3 ^ a quartfjr of a century ago the writer had ex})erience of this plan, 
advocated later b}^ Sir B. G. Stapledon in his book “ The Land Now and Tomorrow,” on 
hill grazing situated at Otter bum. The result was an excessive concentration of the sheep 
on these more closely grazed patches, which tended to justif 3 " the shepherd’s criticism of 
aggravating parasituj and other sheep troubles. Tackling a defined, enclosed area 
which cum be cleared entirely of stock for rest jieriods, however short, is another matter, 
an<l may prove indeed a very useful treatment for some years in anticipation at a later 

*Tho risk of i'iro on some areas is not negligible and there is s(X)pe for the provision of new types of 
cheaper and efficient fencing for hill enclosures. 
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«tage of ploughing out and re-8eeding if thought desirable. On such reasonabl y sized areas 
renovating or regenerating mixtures of a chea|)er kind may be used as part of what may be 
described as a reclamation process. 

The improvement of the mineral composition of open grazings by mineral manur- 
ing on an extensive scale is a problem which awaits solution. Inaccessibility, cost of 
distribution of fertilizers and other difficult eireum.stances may ])ossibly find solutions in 
post-war years by the use of aero})lane8 for distribution of manures. The grazing management, 
especially on the white land, is, however, very important and for even grazing necessitates 
reasonably sized areas. So far as the heather is concerned it is agreed that this plant is a 
most valuable constituent of hill shee}> grazing, and certainly susceptible to improvement 
by systematic burning. Bracken, whi(‘h spreads down the liill and has infested many 
enclosfid grazing areas, can eradicated by systematic cutting or cattle grazing and 
treading, the latter being encouraged when circumstances justify the application of fertilizers. 

Fertilization of hill grazing simjily by extensive distribution is an extremely doubtful 
method of meeting the evident decline in mineral resources of many of our hill grazings. 
Yet in general it is true to say that there ha.s been gradual but very definite deterioration 
in our hill grazings, and improvement in mineral content is an urgent need. Recent work 
by anotluT of my coll(*agues, Dr. Milne (Ref. 2) reported at the Conferenc e on Hill Farming 
in the Northern Counties held at King’s (bllege, Nevcastle-upon-Tyne, indicates that the 
tick problem is very largely a symptom of hill-land deterioration, and the writer has reason 
to beli('ve also from personal observations in Northumberland that proper burning of the 
heather is also an effective measure against the ravages of the heather beetle. J)r. Milne's 
conclusion is that hill grazing improvement should ultimately result in a substantial reduction 
in ti(‘kH, and he cites the claim of several farmers to have brought about this most desirable 
reduction by mixed grazing, bracken eradication, burning, draining and harrowing, etc. 
iSiK^h im[)rovement Avould be beneficial to both sheep and (‘attle grazed on tick-infested 
hills, and a beginning vshould be made on the enclosed areas working uj) to the hill. 

It is evident to anyone familiar with our hill fanns that such improvement could be 
obtained with our present knowledge given the w ill, the resources and confidence in the 
future, and tJuit on existing gi*azing.s which are not or cannot be ploughed, more systematic 
burning of heather and <*ontrol of bracken, the iruTease and improvement of fencid enciosures, 
and more generous mineral manuring of existing enclosed areas, together with improvement 
of drainage, w^ould protluoe more and better food for stock on hill farms and ultimately 
greater out]»ut. Re-seeding has its place in the improvement of hill farms but, in the 
opinion of the writer, there are many enclosures of unimproved rough grazings which when 
phosphate.^ are available for this purpose can be more economically and efficiently improved 
by slagging, ])itch-poling and systematic mixed stock grazing, according to the traditional 
Cockle Park method. 

H. CECIL PAWSON. 

Ktno’.s College, 

Newcastlk-itpox-Tyne. 
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THE NEW INSECTICIDES DJD.T. AND BENZENE 
HEXACHLORIDE AND THEIR SIGNinCANCE IN 

AGRICULTURE 


Introduction. 

By one of those coincidences that seem unaccountable in terms of pure chance, two of the 
most remarkable insecticides ever to be discovered came to light about the beginning of 
the present decade. These were the materials now widely known as D.D.T and as benzene 
hexachloride, 660, or Gammexane. The coincidence extends further in that each substance 
was discovered very many years before its insecticidal properties became apparent. Nor 
does the resemblance end there, for the two substances share the distinction of being the first 
examples of a new class of insecticides. All insecticides act either by contact with the 
external surfaces of the insect or by being ingested. Until the new' discoveries, the former 
group — the contact poisons — comprised more or less evanescent materials like nicotine, 
which is volatile, and pyrethrum, which is chemically unstable. Conversely the ’perma- 
nent ’ insecticides like lead arsenate and Paris green were all stomacli jxnsons with little 
or no contact activity. The unique characteristic of D.D.T. and benzene hexachloride is 
that they combine contact activity with a stability and ^lersistence that confer protective 
properties. The}^ are, moreover, powerful stomach poisons as well, and benzene hexa- 
chloride can act also as a fumigant. Because they embody this novel combination, the 
introduction of these new inse(iticides has o|>ened up entirely new^ possibilities in pest 
control. 

The conjunction of outstanding properties with the mystery in which official ]K)licy 
shrouded these products has provided an opportunity for sensational accounts rarely 
equalled in pseudo-scientific journalism, D.D.T., in particular, has had thrust upon it a 
publicity as unwelcome as it has been, in the main, inaccurate, with the inevitable result 
that the * man in the street,' according to the measure of his cynicism or onxlulity, has come 
to regard it either as just one more quack remedy or as a near-miracle that will solve most 
of the world's outstanding problems. Furthermore, a partisan element has been introduced 
into the ‘ new's ’ with the result that the two materials have often been represented as 
rival contestants for a common field of application. In fact, there is already evidence that 
while they do have some most important properties in common, they yet differ suffickmtly 
in their specific* toxicity and precise mode of action to give to each its own distinctive uses. 

The course of the development of these tw'o insecticides has been very dissimilar, 
largely becaiise of the very different background of their introduction. Although the 
output of D.D.T. has been strictly controlled to meet the needs of the services, limited 
amounts have been widely available for exfjeriments. Benzene hexachloride, on the other 
hand, has not been accessible to research workers and most of the trials writh it have been 
carried out b}' the manufacturers. Thi.s position is reflected in the amount of published 
work that has resulted. Although much important work on D.D.T. remains unpublished, 
a large amount is alrr^ady available, whereas only a few papers on benzene hexachloride 
have yet appeared. Because of this it would be misleading to attempt to discuss the two 
substances side by side in respect of any particular pest, and accordingly they will bt^ 
considered se]>arately in this review. 

One other element of the situation, again most pressing in the case of D.D.T., calls 
for mention. There is abundant evidence that the aforementioned publicity will be. 
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exploited to the full by the less scrupulous and more ephemeral manufacturers of insecti- 
cides. Because of this it is highly desirable that these products should be brought as soon 
as })ossible within the Approval Scheme of the Ministry of Agriculture so that whoever 
would avail himself of the protection this Scheme affords may do so. This is all the more 
important since, for reasons to be discussed later, these materials will need to be used in 
agriculture and horticulture with the greatest circumspection. 

D.D.T. 

Following the appearance of many ill-informed and some completely erroneous versions 
of the' history of D.D.T., detailed and authentic accounts have now been published (Refs. 
1, 2, d). Only the salient points, therefore, need be recapitulated here. 

Early in 1942, a series of papers by Wiesmann, of Wadenswil Experiment Station, 
Switzerland, appeared in the journal Schweizerische Zeitschrift fur Obst- und Weinhau 
ilescrihing exploratory trials with several new, swithetie, orgaTii{‘ insecticides. Among 
these, find most promising of them, was a ])roprietary product “ Gesarol made by the 
firm d. R. Gkigy A.-(i., of Basle. These communications, though recognized now as 
th<' first open indications of a revolutionary discovery, attracted little attention at the time, 
partlv because the journal w^a.s little-known in Britain, and partly because no indication 
was given of tlie nature of the inse(^ticidal prineiffle of the material. Xot until the end of 
1942 was information receiv^ed in this country that identified the sub.stance «a-bis (4- 

ch!()rophenvl)-/t^,*{-trichloroethane (Ref. 4) us the adive ingredkmt of 

* c£<zy '^ci 

(icsarol. By this time, liow^ever, the veil of official secrecy W7is tightly draw n and only a 

few were allowc'd to know that a new star was rising in the firmament. 

'Fife substance its('lf, alternatively known as 4-4'-Dichloro-Diphenyl-Trichloroethane 
(whence D.D.T.) was preparc'd and characterized as a chemical individual by Zeidler in 1874, 
but its ]>iological activity seems to have passed unnoticed until discovered in the Geigy 
Ifiboffitories about 1937 (Ref. 5). Liiiiger. Martm and Muller (Kef. 1 ; this important 
i»a[)er has be(‘n extensively summarized in English by Campbell and West, Ref. b) have 
df'sciihed the lengthy investigations which, by a painstaking and systematic application of 
tlu' established principles of dyestuffs chemistry and pharmacology, led eventually to the 
recognition of the outstanding toxicity of D.D.T. 

fu normal times the new insecticide would no doubt have come .slowly to general 
aci i'ptanee by the usual stages of trial, development, and large-scale use. But 1939-40 
saw the closing of all the normal ehaimels of communication with the Continent and no 
intimation of these discoveries reached this eountr}' for several years. By the time D.D.T, 
w^as lirought to the notice of the British and American authorities late in 1942, the insecticide 
position had become one of acute difficulty, for supplie.s of tlerris and pyrethrum were very 
low' and quite inadequate to meet service requirements. In consequene,e D.D.T. w'as taken 
up and its potentialities in relation to military needs explored with unexampled speed and 
energy. The resulting unqualified success against disease-carrying in.sects, especially 
mostjuitoes and body lice, is an often-told story (e,g. Ref, 3) that need not be repeated here. 
It is sufficient to quote the view that D.D.T. has probably been a major factor in the success 
of several allied military campaigns. While it is no part of tlie purpose of this review to 
deal with non-agricultural applications of D.D.T., it may be said in passing that striking 
success has been achieved against such diverse pests as house-flies. coekroache.s, lice, bed 
bugs, mosquitoes, tse-tse flie^?, and locusts. 

Inevitably in these circumstances service demands called for the maximum possible 
output and only small quantities were released for experiments on the control of insect pests 
in agriculture. Not until late in 1945 was there a partial release of D.D.T. for general use 
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in commercial products. Nevertheless, an extensive exploration of the potentialities has 
been possible and an impressive amount of information has been accumulated. 

In the synthesis of the chemical a mixture of isomers and side-produets results in which 
the so-called para-para* (p-p*) compound predominates. In many of the earlier batches 
made under ])re8sure of w’^ar-time demands, the content of this isomer was as low as 50 per 
cent., but in the better products of to-day it consistently reaches 80 per c‘ent. or more. To 
avoid confusion the term ‘ T).J).T.' should be applied only to the commercial prodiud, whereas 
the pure para-para* compound should be desi^ated by its full name. Martin, Stringer 
and Wain (Kef. 7), Martin and Wain (Kef. 8). and other W'orkers have examined some of the 
individual components of the mixed ])roduct D.D.T. and have shown that while several of 
them possess insecticidal properties, their comVuned activity is relatively small in comparison 
with that of the para-para* body. The relation is somewhat analogous to that of the non- 
rotenone ether extractives to rotenone in derris root. 

Most of the Swiss work has iitiliztHl proprietary forms of D.D.T. under the names Oesarol 
and Gesapon. The British-made equivalents of these are Giiesarol and Guesapon and all 
these preparations normally contain 5 per cent, of D.D.T. G(u)esarol contains D.D.T. mixed 
with an inert diluent in a form suitable for dusting or, with whetting and suspending agt'iits 
included, for spraying. G(u)esapon is an emulsifie<l form of a solution of D.D.T. in an 
organic solvemt, usually benzene, xylene, or solvent naphtha. These, however, are only 
some of the jiossible types of D.D.T. preparation. These types may be classifitsl as dusts, 
dispersible powders or pastes, solutions giving di.spersions on dilution witli water, prtqia- 
rations of the miscible oil or stock emulsion type, and straight solutions for atomization, 

A particularly interesting variant of the last named is the ‘ aerosol ’ typc^ of pn^- 
paration. Aerosols consist of particles so finely disj)ers(‘d in air that they have little or no 
tendency to separate out. Smoke, for example, is an aerosol in wdiich the dis})ersed sf)lid 
consists of minute particles of carbon. As a means of applying insecticides they have been 
developed in the United States, mainly by Goodhue and co-workers of the Bureau of 
Entomology’s Tnsecticides Division. A solution of tlie insecticide in a li(|uified gas such as 
the refrigerant Freon (dichlorodifluoromethane) is filled into a pressure container or 
‘ bomb.’ On opening the valve a fine spray of the solution is ejected under the ])ressure of 
the evaporating liquid, and rapid va}X)rization of the low- boiling solvent leaves the insec- 
ticide dispersed as an aerosol. This method of application has obvious attractions for use 
in glasshouses or, in conjunction with a canopy or drag sheet, on certain ground (Tops in 
the open. 

The Ministry of Supply has c^arried out large-scale exj^eriment-s on the })roduction of 
smokes containing D.D.T. Details of these tests have so far been withheld, but it is under- 
stood that they have showm this method of utilization to be quite practicable. Gohen 
(Ref. 9) has described interesting results with smokes produced by burning impregnated 
filter paper. 

The physical properties of D.D.T. are such that correct formulation presents unusual 
difficulties. Whichever method of eom))ounding is used it is likely to be accomplished 
successfully only in experienced hands. 

investigati(ms to date .suggest that D.D.T. is of all insecticides one of the most widely 
(ompatible with other pest and disease control materials. Fleck and Haller (Ref. JO), 
however, found that nicotine and certain metallic bases and chlorides promoted decom- 
positifjn of D.D.T. at elevated temperatures. China clay, fuller’s earth, bentonite, and some 
samples of talc had a similar effect, probably by reason of the presence of small amounts of 
active catalysts, and such substances may have a deleterious effect on D.D.T. preparations 
stored over a lengthy period of time. 

According to West and Oampbell (Ref. 5), the first successful application of D.D.T. in 
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the field was the control of an outbreak of Colorado Beetle in Switzerland in 1939. It wm, 
however, the work of Wiesmann ])ublished during 1942 and 1943 that first demonstrated 
the activity of D.D.T. preparations against a very wide range of agricultural pests. His 
experiments were mostly small-scale exploratory tests and not all his observations have been 
confirmed in detaih but they provided the stimulus for the vast programme of work that 
followed. 

The outstanding feature of D.D.T. is its intense activity as a contact poison, 
extremely small doses and short periods of contact being fatal to susceptible insects. 
Liiuger et al. (Ref. 1 ) calculated that on glass a deposit of one billionth of a gram per square 
c*entimetre (equal to apf)roximately 1 oz. per 1,0(K> square miles) is fatal to houseflies. 
Wright and Ashby (Ref. 1 1) have shown that contact for one minute with D.D.T. is fatal 
to the Carrot Fly ( Psila rosae), though death may not occur for six hours or more. Similarly 
Cragg (RcT. 12) has rej>orted intense contact activity against the? Sheep Blowfly (Lucilia 
serimfa). Tn all these cxamy)le8 the poison a])pears to be absorbed through the feet or legs. 

It has been stated (Ref. 1 ) that insects once affected by D.D.T., no matter how slightly, 
never recover and inevitably die. Schneider (Ref. 13) examined this assertion critically 
and showed that wliile it is true of houseflies, certahi hover flies recovewd apparently cjuite 
<ompleU*ly even from repeated doses of D.D.T., each of which had producicd characteristic 
convulsions. This observation may have important j)ractical significance since this kind 
of differc'ntial reaction may enable some beneficial insects to survive a dosage of insecticide 
sufficient to control some pests. 

In comparison with other contact poisons, especially w ith pyrethrum, D.D.T. is very slow 
in its action ; several days may elapse between contact and death. Already, however, 
th('r(' are several <\xamples which indi(^ate that although deatli is long-delay(‘d, interference 
w ith vital biological ])roeesses may be rapid. Thus the successful (control of A])}>le Blossom 
Weevil seems to (lep(‘nd largely upon the inability of the insect, though still alive and active, 
to lay its full com])lement of eggs after contact with D.D.T. Cragg (Ref. 12) has pointed 
out that the Sheep BlowTly does not lay complete batches of t^ggs after contact, and Bush- 
land et al. (Ref. 14) have reported that affected body lice .soon cease to feed. 

The behaviour of flies poisoned by D.D.T. is characterized by a period of intensified 
activity in wdiich movement is noticeably erratic. This is followed by a gradual loss of co- 
ordination usually ending with the fly passive on its bac k. Death follows some time later. 
Martin e( al. (Ref. 7) have (‘ommented on the way in which certain l.#epidopterous larvae 
(caterpillars) affect<‘d by D.D.T. pass through a phase of exaggerated and unco-ordinated 
movement and lose body fluids to the extent of the greater part of their body weight. 

Th<^ precise mechanism of the action of D.D.T. is not yet clearly understood beyond 
the fact that the contact activity is exerted through the nerve centrevS. Laug<'r t f al. (Hef. 1 ) 

have advanced the view’ that the — grouj) serves as the fat-soluble ‘ carrier ' 

by w^hich the toxic jt>-(!hloro})henyl groups gain access to the nerve-endings. Martin and 
Wain (R(^f. 15), on the other hand, believe that the fat-soluble ‘carrier’ part of the 
molecule is the p-chlorophenyl groups and that the toxic action rest^ the ability of the 

>cu — fragment to lose hydrogen chloride. Other w orkers (e.g. Refs. 1 (5 and 17) con- 
sider this latter view to be an over-simplification, hut Martin and Wain (Ref. 8) liave adduced 
sujiporting evidence in the behaviour of certain other com|)ounds where insecticidal activity 
has been correlated with the facility with which the substance can lose hydrogen chloride. 

All the available evidence indicate^s that the egg-killing poww of D.D.T. is so low as 
to be without practical importance. 
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One after another so many insects were found susceptible to the action of I),D.T, that 
this substance was soon on the way to being regarded as a certain cure for every ill attribut- 
able to an insect pest. But greater exj)erience and a more restrained and critical approach 
have somewhat modified the })icture. 

The insects most susceptible to the action of D.D.T, appeal* to be certain flies, adults 
of the order Diptera, of which several examples have already been quoted. Many Lepid- 
o])terous larvae also, notably the cabbage caterpillars, are very suscc])tible, but here it is 
difficult to assess the relative importance of contact and stomach -poison effects. 

On the other hand, aphides in general have proved somewhat resistant. This ma\' be 
due to the fact that there is time for jiarthenogenetic reproduction to take place before the 
parent insect dies, and while some of the young will in t urn be killed, many may escape to 
found new colonies. Much will depend upon the density of the insect po])ulation and the 
rate at which new, clean, plant growdh is being produced. 

Outside the orders of the true insects only a few instances of marked toxicity have so 
far been reported. Martin ft al. (Ref. 7) have found woodlice {AnnndiUidium sp.) to be v(»ry 
susceptible, as are several of the ticks that infest animals and plants. Most of the Acarina 
(spiders, ticks, etc.) on the other hand, are resistant. })crhapH the most important examj)le 
being the Fruit Tree Red Spider {OUgonychns ulmi) wliich seems to be (piite immune. TIktc 
have been numerous reports that slugs also are unaffected, but then' is some uncertainty 
about the status of the earthworm. Wiesmann (Ref. 18) states that (iesarol is harmless 
to worms, but tht're is evidence to the contrary from preliminary exj)eriments in this ( oiintrN . 

Thus, despite the large number of .susce]>tible species, it is clear that D.D.T. is l)y no 
means th(‘ universal insecticide that popular ac'coiiuts have made it appear. 1'he Vnited 
States r)ej)artment of Agriculture has recently stated (Ref. 19) that against a wide variety of 
insect species it ])roved better than the Uvsual insecticide in rather less than half the cases. 

Nevert heless, the widespread toxicity of D.D.T. has itself given rise to major problems. 
It was soon observed that large numbers of beneficial insects, notably the large group of 
Hymeno}}terous parasites, were falling victims to its action, and ft'ars havf* been ex})r('ssed 
about the consc(iuenees that may ensue. Wright and Ashby (Ref. 11) found that after 
s})rayiiig the foliage of carrots with an emulsion containing 0.r)'])er cent. D.D.T., the only 
insects remaining apparently unaffected in the art'a under observation were springtails. 
Among the beneficial insects killed were predaceous ladybirds and Braconid and 8yrj>liid 
])arasites. Jn the United States, Aphelinu'* nudl, the parasite of Woolly Aphis, was found to 
be particularly sensitive, as were several predators of the Fruit Tree Red Spider. Steiner, 
Arnold and Summerland (Ref. 20) report a rapid intTease in Red Spider following a mid- 
summer application of D. i).T. for the control of Codling Moth. 

As was to he ex])ect,ed, })articular fears have arisen about the effect on bees. On this 
])oint, as on several ot hers, Wiesmann’s earlier pronouncements were highly optimistic, but 
not entirely corrc'ct. He stated (Ref, 21) that Gesarol was entirely harmless as a stomach 
poison to bees anrl, in a later paper (Ref. 22), that Gesarol (equivalent to 0.05 per cent. D.D.T.) 
w^as toxic as a contact poison only wiien .sprayed or dusted directly on to bees. The position 
has been re-examined by several American workers (Refs. 23, 24, 25) who are agreed that 
D.D.T. is toxic to bees both as stomach and contact poison, and, contrary to Wiesmann, 
they maintain that the former action is the more pronounced. Most of these expeiiments 
WT-re of a very flrastic nature and high mortality usually resulted. According to Eckert 
(Ref. 25), where the conditions approximated to those likely to be met in practice, it did not 
a]q)ear that the situation was any worse than where large quantities of arsenicals are used. 
It is evident, however, that excessive or indiscriminate use of D.D.T^ is likely to have a 
serious effect on bf*es and that precautions, no less than in the case of arsenicals, are essential. 

These considerations must s^^rte to emphasize the caution that is essential in framing 
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recommendations for the use of D.D.T., but it would be unfortunate if they had an unduly 
restrictive effect. Final judgements can come only from widespread use in practice and such 
experience is not yet available in this country. In Switzerland, however, Gesarol prepar- 
ations have been recommended for commercial use for several years and Schneider (Ref. 26) 
lias recently reviewed the experience gained. The sharp increase in Red Spider has been 
observed following the use of D.D.l'. t-o control Codling Moth. On the other hand, he 
reports that the fears of serious damage to bees have not been realized. At a joint conference 
(Ref. 27) of research workers, fruit-growers, and bee-keepers, held in Switzerland, it was 
agreed that the large-scale use of Gesarol might be continued provided that precautions 
were taken to avoid spraying trees in bloom. 

It is now evident that the fiersistence of D.D.T. on plants under field conditions has 
been over-estimated, for many workers {e.g. Refs. 28, 29) re})ort that the toxicity of treated 
foliage aj)pears to fall off after periods up to 15-29 days ; even the heavy dosages applied by 
Wright and Ashby (Ref. 1 1 ) did not remain toxic* for much more than 3 weeks. The normal 
growth of the plant, with the* production of clean sinfaces and the attenuation of deposits, 
is obviously a factor, but there is evidence of actual loss of toxicity in the de])osit itself. 
St‘\eral e.xamples are knowii where, under tropical conditions, foliage has become almost 
non-toxic within little more than 24 hours of Ijeing treated. It has been suggested in 
exjilanation of this phenomenon that the toxic substance may be inactivated by solution 
in the* plant w^axes on the leaves or may be nmdered unavailable by occlusion in the wax 
as it is s(*creted. If solution pla\'s a 8\ib.stantial part in the inactivation, deposits con- 
sisting of D.D.T. extended upon an inert diluent may }>rove to be more resistant than thin 
films of D.D.T. itself, (ilunther (Ref. 28) and Du Font (Ref. 29) have suggested that light 
of e(*rtain w^ave-lengths may facilitate the breakdown of D.D.T. 

On balance the relative shortness of the period during which treated plants remain toxic 
to ins(*cts may be an advantage rather than otherwise. While the control of ])ests like 
( 'exiling Moth (where ]>rote<*tion is required over a lengthy period) may be prejudieed or made 
more diffic*ult, there will be less cause to fear that wholesale destruction of beneficial insects 
will <‘ontinue long after treatment. 

-In the United States, wh(*re the treatment of very large areas by spraying or dusting 
from aeroplanes is eonternplated, eoneern has lKx*n expressed about the possible long-term 
effect iq»on wildlife in general. Althoiigh AVie.smann (Ref. 18) stated that Gesarol w^as 
harmles,s to fishes, it has siiux* been shown that D.D.T. preparations are highly toxic, to 
man>’ cold-blooded vertebrates including frogs and snakes, as well tis fishes. It is alleged, 
too, that largo numbers of birds have been killed, posvsibly by €*atirig ]K>isoned insects. 
Again this is a problem whose answer is to he found only in practii*al ex|>erience on a large 
scale. 

All these unanswered questions should stand as no more than warning signposts. They 
art* evidence that neither tht* reckless enthusiasm nor the unqualified (condemnation that 
some popular writers have displayed is justified. 

Yet another of the problems associated with the use of D.D.T. is that of its 
(‘ffcct on warm-blooded animals and especially humans. There has bc(*u a deep cleavage of 
opinion among American toxicologists, but the majority seem now' to be (*onvinced that 
there need be no misgivings arising from normal use. There is also the evidence that millions 
of service and civilian })ersonnel have been in prolonged contact with D.D.T. in treated 
garments without a single known case of ill-effect. Cameron and Burgess (Ref. 30) ait? of 
the opinion that sprays containing up to 0.5 per cent, could have serious effects only as a result 
of grossly careless handling. On tiie other hand, they are insistent (hat precautions are 
essential in handling higher concentrations, especially oily solutions. Wigglesworth (Ref. 
31) has reported a case of nervous derangement following drastic and deliberate exposure, 
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but even here the effect was transitory. There are, perhaps, two directions in which present 
information is inadequate. These are on the cumulative effect of small doses such as might 
arise in spray residues, and the effect of exposure to solutions of D.D.T. in oil, such as might 
be encountered in certain spray combinations. Excluding gross negligence neither of these 
is likely to prove serious, but the United States Department of Agriculture (Ref. 82) has 
provisionally fixed 7 mg. j)er Kg. (0.05 grain ])er pound) as the level beyond which D.J3.T. 
residues should not rise. 

Experience of the use of D.D.T. against a ver^^ wide variety of plant spe(‘ies indicates 
that at concentrations likely to be used in practice it is singularly free from phytotoxic 
})roperties. Here and there cases of minor damage have been reported, but, excluding 
instances where the damage is attributable to auxiliary materials, serious damage has been 
confirmed only within a single himily, namely' the Cucnrbitacme, e.g. cucumber. 

AgricuUu m I Applicut i ons . 

It must be emphasized once again that D.D.T. has not yet been used in Britain on 
anything but an experimental scale. Trials have, however, been (‘arried out against a very 
large number of })e8ts and only a small i)roportion (jan be mentioned in this review. A few 
that appear to be of particular significance have been selected for consideration in some 
detail. For convenience they are grouped as agricultural, horticultural, and farm animal 
pests. 

Flea Beetles {Phyllotreta spp.). In a catalogue of successful uses of Gesarol Kotte (Ref. 
33) mentioned flea })eetle8. There was, however, little acceptable eviden(‘(' to verify this 
claim and in 1944 the Conference of Advisory Entomologists arranged a series of field trials 
in which D.D.T., benzene hexachloride, and basic slag were included. The results generally 
showed that a 5 per cent. D.D.T. dust gave promising though somewhat variable results. 
Only one of these trials has yet been reported in detail (Miles, Kef. 34). A dust of uns[)ecified 
composition, but presumably containing 5 per cent. D.D.T., was applied io Brassier seedlings 
at the rate of about 28 lb. per acre. The plots were first treated as soon as the seedlings 
appeared in quantity and before attack by the l)eetles began ; some ]>lots received a second 
dusting after a short interval. Differences between treated and untreated plots w^ere 
evident after twenty-four hours , there were 10 per cent, fewer plants on the latter and the 
proportions of undamaged sf^edlings w^ere respectively 59 per cent, and 24 per cent. There 
ap})eared to be no advantage from the second dusting and the single treatment was con- 
sidered to have given adequate protection. Further field trials carried out by the Advisory 
Entomologists in 1945 in general confirmed that a 5 per cent. D.D.T. dust gives a good 
control of flea beetles on Brassica crops. 

In laboratory tests tlohansson (Rejf, 35) got his best results with a mixture of Gesarol 
dust (5 per cent. D.D.T.) and naphthalene, but according to Fleck and Haller (Ref. 10) 
naphthalene may promote catalytic decomposition of the D.D.T. 

Cabbage Cateniillars. Little detailed wwk has yet been publisher! on this subject, but 
almost without exception trials have shown a very high degree of control of the Large and 
the Small Cabbage White Butterfly (Pieris brassicae and P,rapae)y the Cabbage Moth (Ma- 
me^stra brassicae), and the Diamond Black Moth (Plulella maculipennis), Martin et ah (Ref. 
7) us(*d the first three species as test insects in laboratory experiments and demonstrated 
their sus(ieptibility to the stomach poison action of D.D.T. In the field 5 per cent, dusts 
and 0.1 ])er cent, or 0.2 yiej cent, sprays (dispersed solid) have given uniformly successful 
results Smith and Harrison (Ref. 36) found that a 10 per cent. D.D.T. dust was superior 
to all other insecticides tried. Apple (Ref. 37) reported excellent results with a 3 per cent, 
dust ; and even a 1 per cent, dust, if made up by impregnation of the carrier with a solution 
of D.D.T., was commercially satirfactory. Bruce and Tauber (Ref. 38) also found a 1 per 
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cent, dust effective. This last observation is important in suggesting that it may be possible 
to use concentrations low enough to be relatively mnocuous to certain parasites and still 
effective against the cateri>illarH. Many observers have reported that some Syrphid larvae 
survive treatment with D.D.T. aerosols and with dusts containing up to 10 per cent. 
D.D.T. (r/.p. 207, Ref. Rl). 

Carrot Fly (Psila wsae). Wiesmann (Ref, 39) found that the first-generation attack was 
reduced to negligible propoHions by a single application of as little as 0.2 per cent. Gesapon 
(0.01 per cent. D.D.T.) within ten days of the start of emergence of the flies. A double 
treatment seven and twenty -one days later gave little or no control even at 2.0 per cent. 
Gesapon (O.l p(*r cent. D.D.T.). All treatments were applied to tlie soil at about | gallon 
])er scpiare yard, the attack Ixung concentrated upon the larval stage, and it is suggested 
that by the tim(‘ of the later aj)pli(}ations the larvae had penetrated sufficiently dee]3ly not 
to be reaclu^d even by this emulsion ])reparation. The second -generation attack wa.s much 
more diffi(‘ult to deal with, but effective control followetl the ap])lication of a 2.0 per cent. 
Gesapon (0.1 j>er cent. D.D.T.) either at the beginning of the flight period or fourteen 
days later. Low(‘r concentrations of Gesapon and all concentrations of (te.sarol (u]) to O.l 
per cent. D.D.1\ as dis[>erHed solid) were ineffective. It is suggested that the solid active 
material in the latt er ])rcj)aration was filtered out on the surface of the soil and never reached 
the larva(». The lower con<;entrations of Gesapon aj)peared not to be sufficiently persistent. 

Wright and Ash In' (R€T. 1 1) sot out to check the^se obseu'vations under East Anglian 
conditions. In thi‘ir trials I p(‘r cent, and 4 per cent. Gue.sapon emulsions (0.05 per cent, 
and 0.2 f>er cent. D.D.T.) were watered on to the soil, and the higher con(*entration gave 
fairly good control. The amount of liquid used, 3,560 gallons per acre, was, however, 
considered <*x<*(^ssive and in further trials 1, 250 gallons per acre of 4 ])er cent, emul.sion was 
wat<*red along the rows only. Again a moderate degree of control resulted, but it was 
observed that on jilots where the foliage also had been treated the results vere very much 
b(‘tter. The ex])lanation of this became clear when the wwkers learned that D.D.T. w^as 
the active ingredient of (Juesapon, for laboratory experiments had revealed the toxicity of 
D.D.T. in xylol enndsioii to adult Carrot Flies. The flies were caged at various intervals 
with carrot foliage after it had been sprayed with I ])er cent. D.D.T. Up to twenty-six days 
after treatment all flies were killed in tw*entv-four hours and only after thirt>'-three days 
was there marked decrease in toxicity. Counts after six hours exposure, however, showed 
that toxicity was falling off slowly right from the time of application. The toxicity j)er- 
sisted through two weeks of exposure to bright sunlight and liigh tem])eratures followed by 
one week of heavy rain ; dead foliage W'as still toxic. The deposit from a 0.5 per cent. 
D.D.T. s})rav was only slightly less })er8istent and slower in action. These observations 
were fully confinncHl in field plot trials. 

Finally the authors ilescril^e a large-scale field trial designed as a practical test of D.D.T. 
against second -generation Carrot Fly following a heavy first-generation attack. Plots 
were s[)rayed on lotli Se])tember at about 50 gallons per acre with 0.5 per (*ent. D.D.T. in 
an emulsion of solvent naphtha. There was a high mortality of the flies on treated j)lots, 
and other insects IdlkMi included capsids and eateqjillars. In the treated plots 44 per cent, 
of the roots were undamaged and none was unsaleable, whereas in untreated plots only 
1 6 per cent, were undamaged and 33 per cent, were unsaleable. 

The authors conclude that 0.5 — 1 per cent. D.D.T. applied as a foliage s})ray against 
the Carrot Fly is likely to })rove far superior to the sodium fluoride-molasses mixtures in 
current use as bait sprays. The number of applications necessar}^ to give protection over a 
full season remains still to be determined. 

Morrison, Mote and Rasmussen (Ref. 40) found that a 3 per cent. D.D.T, dust greatly 
reduced the number of damaged roots when applied as a seed treatment along the drills or 
dusted on to the young seedlings. 
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Among the most conflicting results so far obtained with D.D.T. preparations are those 
against the Cabbage Boot Flies and other soil insects. In reports of early Swiss experiments 
(Ref. 39) it is claimed that either 1 per cent. (lesarol or 1 per cent. Gesapon (0.05 per cent. 
D.D.T.), watered around the plants about a week after planting out, gave perfect control 
of root-fly larvae. Very variable results have been obtained on repeating these trials in 
this country, but on the whole D.D.T. emulsions have shown more promise than suspensions. 
Pre-planting treatments such as puddling in a D.D.T. paste or dipping in an emulsion have 
been found rather more satisfactory on a garden scale. 

The same reports of Swiss work (Ref. 39) state that a high degree of control of Wireworms 
followed treatment of the soil with 2 ])er cent. Gesarol (0.1 per cent. D.D.T.) and, possibly, 
by lower concentrations of Gesapon. These claims, again, have not ^ et found confirmation 
in Britain, where variable results have been obtained. 

This same concentration of Gesarol, apjdied at about 2 gallons i)er quare yard, was 
said to be very promising against the Onion Eelworm ( Angitillulinfi dipsaci) and also against 
the Onion Fly (Delia antiqna) , but on the whole results against the latter in this country 
have not been promising. 

Thus, as in the case of other soil insecticides, very much mon^ work is re(|uired before the 
status of D.D.1\ in relation to the control of soil j^sts can be assessed. 

Potato Insects. The successful control of Colorado Potato Beetle ( Leptinoiarsa decemlineata), 
in Switzerland, is not of immediate practical intere.st in Britain, but the effect of D.D.T. on 
potato insects in general raises interesting })ossibilities. One of the greatest problems of th(‘ 
grower of potatoes for setxl is the complex of virus diseases tran.smitt(‘d b\' insecds, and the 
possibility of eliminating or substantially reducing these insects is attractive. Ameri(‘an 
workers (Refs. 38, 41, 42) have obtained very good control of lcaf-ho])pers, fleabeetles, 
and apliides on potato by means of dusts containing as little as 3 per cent , of D.D.T. 

Among other pests of agricultural (Tops against which D.D.T. has shown great promise 
are Pea and Bean Weevils (Sitomi spp.)^ Pollen Beetles (Meligethes spp.) and Leatherjackets 
( Tipulrj spp.). Preliminary results against Pea Moth ( (^ydia nigricana) have been encourag- 
ing. 

Aphides. As stated earlier, results in general against aj)hides have bt^^n poor, but there are 
exce})tions such as the Green Peach Aphis (Myzus pernime) and the Potato Aphis (3/urms- 
iphum solanifolii) {e.g. Kefs. 38, 42). Weigel (Ref. 43) found that an aeTosol (!ontaining 2 
per cent. D.D.T. in methyl chloride gave far better results against Myzm pernmie than did 
either a 0.025 ]jer cent, spray or a 3 per cent, dust, and (3rO(xlhiie et al. (Refs. 44, 45, 46, 47) 
showed that many species on a wide variety of plants were susceptible to D.D.T. in aerosols. 
It was noticed (Ref, 47) that although Myzus persicae on weeds showed little effect imm’ed- 
iately after treatment, the aphides disappeared during the ensuing three weeks. Un- 
published work at Long Ashton Research Station has demonstrated a similar behaviour on 
the })art of the Rosy Apple Aphis ( Amimphis rosem) on apple. Although the individual 
insects appeared to be substantially unaffected, the colonies did not develop and the 
attack was in fact che(*ked. 

It is evident that the question of the reaction of aphid species to D.D.T. calls for re- 
examination in detail from both the physical and physiological standpoints. 

Apple Blossom Weevil ( Anthononms pomorum). One of the most intractable problems 
confronting the fruitgrower has long been the control of the Apple Blossom Weevil. Dusting 
with derris, in conjunction with trapping in sack or cardboard bands, has been the best 
control measure available, but this has never been more than partially effective. The 
‘ protective -contact ^ action of D.D.T. suggested a new approach. Wiesmann (Ref. 18) 
placed newly emerged weevils on out shoots of apple that had been sprayed with Gesarol 
and found that they showed signs of paralysis within a few hours and died within two days. 
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In a small field trial weevils were placed in sleeves on branches treated with 1 per cent. 
Gesarol (0.05 per cent. D.D.T.) ; after eight days all the weevils were dead and none of the 
blossoms on the treated branches was capped. Wiesmann states that in a large-scale demon- 
stration trial by the firm of R. Maag, Apple Blossom Weevil was successfully controlled 
by spraying with 1 per cent. Gesarol. 

Both the laboratory and field results have been fully confirmed under English con- 
ditions. Dicker (Ref. 9) has shown in laboratory tests that a kill of over 90 per cent, resulted 
when weevils were placed on foliage treated with a 5 per cent. dust. The action was slow 
and deaths occurred up to the fifth day. Successful control in the field was achieved by 
dusting trees at Bud Burst and once or twice afterwards at weekly intervals. Chambers 
and Hey (Ref. 48), using a wash of unstated D.D.T. content, obtained good rcwsults by 
spraying twice, about Bud Burst and again just before Green Cluster. A third application 
at (srroen Cluster did not improve control and a single spraying at this stage did not give any 
control. Cole and Heeley (Ref. 49) compared a 5 per cent. D.D.T. dust with a spray giving 
about the same amount of D.D.T. per acre. In these trials the control follow^ing dusting 
was relatively poor, whereas the results from spraying were excellent. Edmonton and 
Vining (Ref. 50) obtained a 78 per cent, reduction of a heavy infestation on bush tre€\s, and a 
93 per cenl. redaction of a lighter one on cordons, by spraying at Bud Burst with 0.1 per 
cent. D.D.T. In several of these sprays lime-sulphur was included without deleterious 
eff(>ct. 

It is evident that there are the be.st of reasons for believing that D.D.T. either as dust 
or s[>ray will soon become established as a routine control measure for Apple Blossom 
Weevil ; spraying is now officially recommended in Switzerland (Schneider, Ref. 26). 
Correct timing is the key to success, and the first applic^ation should be made as soon as 
possible after Bud Burst. Whether or not it can l>e made earlier has not yet been det^lRuAed, 
but- serious attention must be given to the possibility of including D.D.T. in a winter 
petroleum w^ash applied late. On the important issue of injury to beneficial insects. 
Dicker (Ref, 9) ladieves that the danger is slight since there are few such insects on the 
trees at Bud Burst. This stage of development is usually rea(*hed at least one month 
before blossom time. 

Raspberry Beetle (Byturus tomeniosus), Wiesmann (Ref, 18), in a small-scale trial, sprayed 
raspberries oiure iK'fore blossoming and again at full flower with 1 per cent, (h^sarol (0.05 
p€T (?ent, D.D.T.), There was a marked reduction in the number of adult bf^etlevS to be 
fo\md on the plants, and although only a small sample of tlu^ fnait w^as examined, the 
larval infestation also w^as obviously much reduced. 

Shaw' (Ref. 51) carried out a large-scale trial on loganberrh'S, in this case aiming at 
control of the larval stage. Sprays containing 0.05 per cent, and 0.025 per cent. D.D.T. 
were compared with a Lonchocarpus spray equivalent to about 0.01 1 per cent, rotenoiie 
and with no treatnjent. When only one application was made, and that late, a heavy 
infestation was reduced by about 50 per cent, and there was no difference betwt»en either 
(xmcentration of D.D.T. and Lonchocarpus. Wliere two applications were made at the 
orthodox times a moderate infestation of about 20 per cent, was reduced to about 2 ]yev 
cent, and again there was no difference between treatments. Further trials (unpublished) 
have indicated that 0,0125 per cent. D.D.T. is only a little less effective than 0.025 per 
cent, and that the latter concentration is equally effective as dispersed solid or in an 
emulsion. 

Despite these very favourable results, however, D.D.T. cannot be recommended for 
Raspberry Beetle control until a good deal more is known about its effect on the general 
orchard &una vrhen apjdied at this season (June). 

Oodling Miotfa (Cydia pamondh). Wiesmaim^s results (Ref. 18), using 1 per cent. Gesarol 
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(0.05 per cent. D.D.T.), against this insect were very variable, and much more consistent 
reports have come from the United States where, however, higher concentrations were 
used. In laboratory tests Siegler (Ref. 52) found that at 0.12 per cent. D.D.T. was more 
effective than 0.48 per cent, lead arsenate. Steiner, Ai-nold and Summerlaiid (Ref. 20) 
carried out a field trial in Indiana against later generations of Codling Moth, lead arsenate 
having failed to control the earlier attack. They found either 0.09 per cent, or 0. 1 8 per cent. 
D.D.T. to be superior to lead arsenate at 0.30 per cent. (3 lb. })er 100 U.S. gall.), but there 
was a noticeable increase in the population of Red Spider on the trees treated with D.D.T. 
liudybirds disaj)peared temporarily from these plots, but recolonization occiUTed later and 
the Red Spider attack was checjked. Graham (Ref. 53) working in Maryland achieved 
similar success with 0.12 per cent. D.D.T. whether use^d throughout or after several lead 
arsenate sprays in six or seven })ost-blossom cover sprays. At 0.00 per (;en^ the comj>arison 
was less favourable to D.D.T. Again there w'as a severe attack of Red Spider on the D.D.T. 
plots. Harman (Ref. 54) showed in New York State that 0.090 per cent . D.D.T. w as as good 
as 0.30 per cent, lead arsenate in a full schedule of five s])rays. A dust containing 3 })er 
cent, D.D.T. w'as not nearly so effective. No increase in Red S})ider was noticed, but this 
pest is not important in this area. In Kent 0.05 per cent. D.D.T. was rather h^s effective 
than 0,2 per cent, lead arsenate, each applied once in mid-June. 

It seems probable that 0.1 per cent. D.D.T. could successfully noplace the usual lead 
arsenate treatment for Codling Moth in this country, but as in the case of Ras]>berry Beetle 
no such recommendation is justified at ]>resent. Experience in Switzerland ernphassizes 
the need for caution. Schneider (Ref. 20) stat-es that after being officially recommended 
for several years against Codling Moth, Gesarol has now been withdrawn from the list 
following inconsistent results and the increase in Red Spider. He attributes occasional 
failures to insufficient resistance to rain of the dej)osit on the smooth surface of the fruit. 
Tomato Moth {Folia oleracea). Chambers, Hey and Srnitt (Ref. 55) claimed excellent r(\sults 
with an unspec ified D.D.T, wash in commercial glasshouses, but it remained for Read (Ref. 
50) to provide (‘videnee of the excellent performance of this material. A 5 ]>er cent. D.D.T. 
dust on kaolin, apjdied at 1 oz. per 20 plants, killed cat-tTpiUars of all size.s. The dusted 
foliage remained toxic to fully-grow’n larvae for twelve days an<l to one-day-old larvae for 
twenty days. V^^hen eggs were du.stetl, many^ larvae died in process of hatching. A spray 
containing 0.02 per cent. D.D.T. killed all stages and the sj)rayed foliage w'as still toxic to 
half-inch (4th in.star) larvae after six da^/s. 

The need for a petroleum wash to control Red Spid(^r under glass prompted the trial of 
a combined w^ash. In a small glasshouse and in large-scale trials under commercial 
conditions 0.0215 ])er cent, D.D.T. mixed with a 1 per cent, petrokmm emulsion gave 
com])lete control, not only caterpillars but moths also being killed. An emulsion con- 
taining O.Ol per cent. D.D.T. and 0,75 per cent, petroleum oil was toxic to all but fully fed 
larvae. D.D.T. can be incorporated in the stock emulsion of the oil as an alternative to 
adding it to the diluted wash. 

Although certain points of detail remain to l>e wwked out, it is obvious that D.D.T., 
either as a 5 per cent, dust or as a 0.02 per cent, spray with or without petroleum oil, shows 
great promise for the control of Tomato Moth. Dusts are particularly attractive because 
of the ea.se and rapidity with which they can be apjdied. The problem of repeated rein- 
festation of the houses remains a serious practical difficulty. 

Red Spiders (Tetranyckas telarins and Oligonyckus ulmi). These call for particular 
mention in that the\ are the outstanding examples of pests against which D.D.T. seems to 
1 k^ (luitc ineffective*. Boyce (Ref. 57) commented on the failure of D.D.T. to control Red 
8])idcr on citrus, and Weigel (Ref. 43) found it ineffective as dust, spray, or aeTOSol against 
GrcenliouHe Red Spider. The increase in Fruit Tree Rexl Sjuder infestations following 
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D.D.T. Hprays has already been mentioned and many observers in Britain have confirmed 
the ineffectiveness of D.D.T. against this pest. Predaceous insects play an im})ortant part 
in determining the course of summer attacks of Red Spider and as many of these ])redators, 
iiK^luding ladybirds and certain capsids, are susceptible to th(i a(*tion of D.D.T. the possible 
consequences of widespread use of this substance are evident. The net result, however, 
cannot be ])redicted with any assurance and only large-scale trials over a period of years 
ar(‘ likely to reveal it. After several years of commercial use against Codling Moth in 
Switzerland there has be<n a notable imirease in Red Spider (Schneider, Ref. 26). 

Among other fruit p(‘sts against which D.D.T. has been used su(;(;essfully are Winter 
Moth caterpiliaxs {Opemphfern hnirmita). Plum Sawfly (Hoplocumpa flnvn). Plum Red Maggot 
(Cydia fvnehrana), Strawberry Blossom Weevil (Anihonomvs rnhi) (Wiesmann, Ref. 18), 
Gooseberry Sawfly ( N*‘mnhtti nbesn). Raspberry Cane Midge {Thrmrusiniana fhcobaldi), and 
various capsidS. It has .shown little ])romise against Apple Sawfly (Hoplorawjxi fedndinea). 

1'hcre is evidenct‘ that several species of Thrips and also Mushroom Flies can be con- 
trolled by D.D.T. 

Lice and Fleas. The control of lice and fleas on humans was on(» of the <*arliest as well as 
oni* of th(^ most sj)(*(‘tacular sii(‘ccsses of D.D.T. Already millions of subjects liave been 
treated and incipi(*nt outbreaks of louse- and flea-borne diseases have been eheekt^d. 
Similar sueeess has att(*nded the use of D.D.T. either as dust or as s}>ray on farm and domestic* 
animals, notably against lice on pigs and goats, and fleas on dogs and c'ats. 

Sheep Blowfly ( LurUia nericata) and Sheep Ticks {Ixodes ricinu-H). In a se^ic^s of laboratory 
tests Burtt found that each of these pests was very easily killed by D.D.T. and as a result 
large-scale field trials w<Te started. 

Cragg (Reds. 9, 1 2), working mainly in North Wales on W^dsh Mountain sheej), found 
that dipping in a hath containing 9.5 ])er cent. D.D.T. as a finely dispersed emulsion gave 
effective ])rotec tion for six weeks against Blowfly. This performance was far better than 
that of a commercial arsenic-sulphur spray used for conqwrison. Although results were 
not so uniformly good in some other areas, it seems cortain that t).D.T. will give loiigcu' 
proteetion and a reduced number of strikes as compared with any material at present in use. 
iSinco the strikers that do occur are mainly around the tail, it is probable that enhanced control 
would result from a combination of the insecticide treatment with crutehing. The attack 
on tlie adult fly does nc^t demand penetration of the insecticide to the biise of the* fk^eee, so 
spraying of the animals may re|)Iac,e dipping. 

Heath and Mitehell (Ref 9) have described trials on the control of Ticks on hill slice]) 
in (kimherland. Dijiping in a coarse emulsion containing 0.5 ]H»r cent. D.D.T. gave good 
(‘fjiitrol of ticks for seven weeks, against the two weeks following a commercial arsenic <ii]) ; 
0.3 per cent. D.D.T. gave protection for four wwks When, however, a more finely disjiersed 
and tlierefore more stable emulsion was used, the results wTre very much interior, because 
of the .smaller amount of D.D.T. de])osited in the fleet^e. On the other hand, using an 
emulsifier of different type, 0.2 per cent, D.D.T. wm effective because of the greatly increavsed 
affinity of the emulsion for the wool fibre. Pre-treatment of the fleece with acetic acid 
greatly increased its affinity for the normal tvqie of emulsion. 

In the course of these trials it was observed that KcdS were completely eliminated by 
the D.D.T. di[)s. Mattliysse (Ref. 58), however, has reported that in Neyv York State 
Meloph4igns ovinus was almost unaffected by a 5 per cent. D.D.T. dusi applied by a ])ow’er 
blower. 

Stable Flies, etc. Wiesmann (Ref. 59) reported completely successful control of flies iu cow- 
sheds by spraying the walls with 1 }>er cent. Gesarol (0.05 })er cent. D.D.T.) and claimed 
that two sprayings, early in June and early in August, would keep stables or shippons free 
from flies throughout the summer. Recent collaborative experiments at a number of cen- 
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tres in Great Britain (Refs. 9, 60) have not altogether confirmed these results. Although 
the kill of flies was imdoubtedlj^ very high several factors militated against complete control. 
Some of the flies, notably Lyperosia irritans, do not leave the animals even when gorged, 
and so do not come into contact wdth sprayed surfaces. Rapid re-infestation occurs through 
open doors and windows and by flies (especially Stonioxys calcitrans and L. irritans) carried 
on the incoming cattle. Spraying the cattle did not greatly improve matters, probably 
because of the slowness of action of the insecticide and the repeated renewal of the fly 
population. Steer (Ref. 9) observed, however, that despite these facts the cattle in sprayed 
shippons were usually (juieter than those in unsprayed. Blaxter (Ref. (K)) concludes that 
while D.D.T. alone is not likely to solve the problem of stable flies, it will be a useful ad- 
junct to screening and measures of general farm hygiene. The ]>ersistence of D.D.T. makes 
it practicable to treat fence posts, trees, etc. around farm buildings aiu^ so, possibly, to 
eff(*ct an appreciable reduction in the reservoir of fly population. Simmons and Wright 
(Ref. 61) have greatly reduced the fly infestation on manure heaps by applying emulsions 
containing O.l per cent. D.D.T. and this, too, may prove a useful contributory measure 
to the control of flies in farm buildings. 

The discovery by Cam})bell and West (Ref. 6) that the activity of D.D.T. was manifest 
even when the substaiK*e was incorporated in distempers or oil-bound water paints opens 
up many possibilities of fly control. Walls treated with such })reparations remained to.xic 
to flies for at least tw^o months. 

Out of the foregoing possible applications of D.D.T. to the control of agricultural pests, 
tentative recommendations could probably soon be made for use against Flea Beetk*s, 
Cabbage Caterpillars, Apple Blossom Weevil, Sheep BlowTly, Sheep Ticks and, j)(*rhaps 
Carrot Fly, Tomato Moth, and Stable Flies. Very much more information in .several 
directions is needed in the case of even the most ])romising of the others. Miscellaneous 
pests against w^hich D.D.T. has been found very effective include ants, earwigs, and wasps. 

Benzknk Hexachloride. 

By })erhapH the most striking of all the coincidences associated with these new^ insecti- 
cides, the biologi(!al activity of benzene hexachloride seems to have been di.scoven'd in- 
dependently and almost simultaneously in England and France at a time wdien there wfuj no 
communication b<'tw^(*en the two countries. At the moment priority secuns to rest with the 
French workers, for Raucourt (Ref. 62) state.s that in 1941 Dupire observed its toxicity to 
clothes moths and as a result submitttd the material for tests against agiicultural pests. 
According to 81ade (Ref. 63), the I.C.J. cEscovery was made early in 1942 by Thomas, who 
w^as (janying out U^sts against Turnip Flea Beetle. "J"he earliest reference in the literature 
conc(Tns the French [product, whose introduction and applications w^ere discussed by 
Dupire and Raucourt (Ref. 64) in November, 1943. The I.C.T. product was mentioned as a 
secret pre])aration in the spring of 1944 (Ref. 65), but not until nearly a year later was its 
nature disclosed (Kef. 63). 

Benzene boxachlorid(*, CgHgClo, has been kiunvn for over 120 years, having been pre- 
par(‘(l }>y Michac*! Faraday in iS24 by allowing benzene and chlorine to react together in 
sunlight. It is known alternatively as hexachlorocycZohexane or, from its formula, “ 666/' 
Becaus(» of the })ossibility of different arrangements in sjiace of the hydrogen and chlorine 
atoms in the molecule, sevtjral stereo-isomeric forms exist. The precise number theoretic- 
ally jiossible is a matter of some speculation, but four have been rexH^gnized and designated, 
alpha, 1 m id, gamma, and deUa. 

The earlier results of biological tests in the I.C.T. laboratories were marked by puzzling 
inconsistencies which were not resolved until the separate isomers wore isolated and tested. 
It was then found that the toxicity was located to a large extent in the gamma isomer and 
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variations in the amount present in the crude product accounted for the variable results. 
The newly-coined name “ Gammexane ” denotes this isomer, but unfortunately it has 
already been widely used, quite incorrectly, to refer to the mixed product benzene hexa- 
chloride or 666. The crude product of British manufacture contains about 10-12 cent, 
of gamma isomt^r ; the French is b€*lieve<l to contain about half as much. 

The French workers, although aware of the existence of isomeric forms, do not ap}>ear 
to have recognized the disparity in toxicity among them. 

Unlike D.D.T., one pre])aration of benzene hexachloride has been used extensiv^ely on 
a commercial scale for three seasons. This is a dust containing 2 {)er cent, of the crude 
product (about 0.2 })er cent, (hirnmexane). Slade mentions also emulsified forms and 
di.spersible powders. For the preparation of certain emulsions, refined and partially con- 
centrated ])roducts containing up to oO }>er cent. Gammexane may be used. Since benzene 
hexa(‘hloride is m<)d(‘rat(*ly volatile and stable to fairly high temperatures, it can be vapor- 
ized b\ careful heating and so utiliz(‘d a.s a ‘ smoke.’ 

Benzene hexachloride acts as a (*ontaet j)oison or stomach jX)ison and Is also sufficiently 
volatile to have juoiumnced fumigant pro]ierties. This measure of volatility, however, 
has some disadvantages for the substaru'C has a jxwt rating and persistent smell which some 
individuals find very obj(*<-tionable. While it is .slow in action by comparison with pyre- 
thrum. b(‘nzene li(\\achloridc seems geiUTally to he rather quicker than D.D.T. Thus 
Dicker (Ref. 9) re}»orts that a o ])er cent, dust reacheti its maximum cffc(‘t against Apple 
Blosscun il in sjxte<*n liours, whereas a o per cent. D.D.T. dust reciuired four to five 

days. On the other hand, the final kill was higher with D.D.T. The behaviour of house- 
flies ])oisoned by benzene hexachloride closely resinn hies that following contact with D.D.T., 
witli Die suc^‘(^ssion of phases somewhat aeeelerated. 

.Martin and Wain (Ref, S) {'lairn that heiizeue hexa(*hlond<‘ fits in with and sujqiorts 
the liy])othesis of inse(‘ticidal aetion due to liberation of hydrogen chloride. Slade (Ref. 

hoM’t^vtu*, spe(‘ulates upon a iium* eomplox mechanism thereby some vital jiroeess in 
certain body colls is blockixl by combination with a molecule closely re.sembling one that 
normally enters into the ct'll ]>roi‘esses. This idea is based on the very close struc'tural and 
physical rosemblanec* Ixdween (Tammexanc and inositol, a siihstanc(* essential to (‘cll 
metabolism. 

Benzene hcxacliloridc is statc<l to be toxic to bees and fishes, but to have a very low 
toxi( ity to warm-blooded animals. Documented evidence, however, is lacking. 

A few cavSes hav(^ been r<*})orDHi of apparent damage to Brassica seedlings, but there is 
a ])repon(h‘ninee of evidenet' that the phvtotoxie propertms arc slight. 

In comparison with D.D.T., very little indetMl has been published about laboratory or 
field trials with benzene hexachloride. Just as in the case of D.D.T,, its first use in the* 
field was, accoriling to Dupire and Raucourt (Ref. 64), against the Colorado Potato Beetle 
Avhere a 4 cent, dust wa.s highlv successful. These authors also claim suoccss(\s on a 
smaller scale against Apple Blossom Weevil, Codling Moth, Flax Flea Beetles, and beetles 
and flies infesting niushroom beds. Raucourt (Ref. 02) states that a 0.12 per cent, spray 
<*ont rolled sawflies and Rhynchites on fruit. 

The British product was introducc'd a.s a substitute for derris dust against Flea Beetles 
and has given very satisfactory results. Miles (Ref. 34) has reported on one series of t rials 
(s€^e page 210), in which ti'eatrnent with the comnuircial dust (2 per cent, bcnzcia hexachloride) 
gave 63 per cent, of undamaged st^edlings against 24 per cent, in the untn^atiMl controls, 
ilicker (Ref, 9) reports a single trial in which a 3 per cent, dust gave 50 per cent, control of 
Apple Blossom Weevil. Among other plant pests that have been successfully controlled on 
an experimental scale are Pollen Beetles, Pea and Bean Weevils, Winter Moth caterpillars, 
and Cabbage caterpillars. Martin and Wain (Ref. 8), however, found that the later instars 
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of the Cabbage Moth caterpillar were resistant. Results against aphides have been variable, 
but Cabbage Aphis (Brevicorynt hrassicae). Bean Aphis (A. rumicis), and Woolly Aphis 
(Eriosoma lanigerum) are susceptible. A mOvSt interesting claim is that of suecess in 
controlling Wireworms ; tlie outcome of further work against this j)est is awaited. 

Fruit Tree Red Spider does not ap])ear to be ap})reciab]y affected by btmzene hexa- 
chloride. No data are yet available about the effect on beneficial })redaceous and ])arasitic 
insects, but it must be assumed for the present that all the ])re(!autions urged in the use of 
D.D.T. are no less necessary with benzene hexachloride. 

In the fiedd of animal ])arasites, Taylor (Ref. b(i) huind that a 1 j)er (nmi. solution of 
benzene hexachloride in li(|uid paraffin was a powerful acaricidc (mite-killer) while being 
harmless to the experimental animals. He suggests that this ])reparation may prove to be 
of great value against scabies, including sheep scab. 

Conclusion. 

]Much work still remains to be done vith both D.D.T. and benzene hexachloride, espec- 
ially in the direction of devising the most suitable formulations for particular purposes, of 
determining minimum concentrations for effective control, and of obstTving tiudr cumu- 
lative effect u]3on the general fauna of treated areas. 

The two materials have opened up entirely new possibilities in ins(H*t control, but with 
their bright promise they have brought also potential dangcTs. To meet this situation it 
is essential that the first few years of the commercial use of these insectieidis should b(‘ 
regarded as an extension of the experimental phase*. This ])(‘ri()d of extended trial should 
be entered upon with open minds free from prejudices in either direction, and with a 
willingness to accept and ac*t upon the findings of car(*ful and reliable observations. There 
is little doubt that if such a rational outlook is maintained tow ards t he developnumt of these 
materials, they are capable of facilitating perhaps the greatest single stej) forw ard that man 
lias ever made in his unending contest against the insect world. 

The writer desires to express his indebtedness to Mr. (J. T. Gimingham for helpful 
comments on this review. He is very grateful also to several workers who liave kindly 
allowed him to (piote from reports in the j)reHS or not yet published. 

H. SHAW. 


East Malling Keseauch Station, 
Kent. 
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REPORT FOR 1945 OF THE EXECUTIVE COMMITTEE 
TO THE COUNCIL, GOVERNORS AND MEMBERS OF 

THE SOCIETY 

Now that hostilities have ceased, the work of the Executive Committee apj>ointed in 
November, 1939 comes to an end. The Council and kStanding Committees have resumed 
their normal functions, and next December it should be possible again to hold an Annual 
<:retieral Meeting of Governors and Members. Following the procedure adopted last year, 
this final Report of the Executive Committee, with the audited Accounts and Balance- 
sheet for the year, is being included in the pages of the Journal. 

End of the War in Enrope. 

Immediately upon the announcement of the end of the war iji Euro])e the President 
wrote to His Majesty The King, E’atron of the Society, exj)ressing the loyal and humble duty 
of the Governors and Members and their congratulations on the victorious termination of 
this ca]n})aign. His Majesty was graciously pleasesl to send a jM^rsonal telegram from 
Buckingham Palace to the fhesident conveying His Majesty’s sin(‘er(* thanks for his lettc^r. 

Membership. 

Since the Conimitte(‘ presented their last Annual Re])ort. the list of Governors and 
Membf‘rs has undergone the following changes :~-39 Governors (imduding 8 transferred from 
tile list of’ Members under Bye-law 9) and 555 new Members havt* joined the Society, whilst 
the deaths of b Lift* (tovernors, 3 (Governors, 91 Life Members and 122 Members have been 
r(»porterL Four Life Members and 3 Members have bet*n struck off the books under Bye- 
law 12 <)wing to absence of addr(*Hses, 34 Members under Bye-law 13 for arr(*ars of sub- 
scription, and 5 Governors and 49 Ajimial Members have resigru'd. 

During the year the Society has lost by death one Trustee (Lord Desborougli), one 
V'icc'- President (Sir Walter (iilbey) and one ordinary member of Council (Mr. Albert Weight - 
man) , and, within the first few days of 1949, Mr. Win. Smith, Member of (kaincil for 
Hereford, died very suddenly. Mr. Smith wjis a great authority on Hereford (kittle and a 
man of charming disposition who gave much of his time to public work. 

Lord Desborougli had been associated with the Society since 1888 and occufiied the 
Presidential chair in 1921), when the Show' took place at Reading. 

Sir Walter Gil bey, like his father before him, rendered long and useful service to the 
Society, of which he became a member in 1881. He had .seTved on the Council sim^c 1910, 
when he w'as elected for the division of Essex. 

Mr. Weightman became a member in 1910, and twenty years later was elei'ted to the 
Council as the representative of the County of Durham, where as a jirogrt^ssive dairy farmer 
he achieved a high reputation. He was well known, too, as a breeder and successful 
exhibitor of British Friesian cattle, and his services as a judge of the breed were in great 
d(*mand. 

Amongst other Governors and Members whose loss by death the Society has to deplore 
arc the Marquess of CYewe, K.G., Earl Lloyd George, O.M., the Earl of Mexborough, the Earl 
of Scarborough, K.G., Viscount Elveden, Lord Lilford, Sir Laurence E. Halsey, I^.B.E., 
Sir R, F. Lancaster, Lady Margaret Boscawren, Mr. W. F, Holt Beever, Colonel F. J. Car* 
ruthers, C.B., Mr. Harry German, C.B.E., Mr. A. E. Gerrard, Mr. T. A. Edney Hayter, 
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Captain Douglas Lithgow, Mr. E. G. H. Maddy, Mr. James Muir, Mr. Herbert Padwick^ 
C.B.E., Mr. K. (J. Patterson, O.B.E., Mr. Lewis Priestman, Mr. Leslie R. Pym and Mr. 
Alee Todd, 

Numbers on Register. 

These and other changes bring the total number of Governors and Members on the 
R(‘gister to 7,J21, divided as follows : — 

1 40 Life Governors ; 
l()f) Annual (Tovcrnors : 

1.415 Life Members ; 

5,579 Amiual Members ; 

21 Honorary Members ; 

7,J21 Total number of Governors and Members, as against a total of 7,012 at the 
time of the last report. 

President for 1946. 

Viseount Bledisloe, P.C., G.C.M.G., K.B.E.,has been elected by the (\)uneil as Pn»sident 
of tlie So(‘iety for 1940. 

Council. 

Vacancies in the list have been filled b^^ the election of Lord Hastings as a IVustci*, 
Lord Cranworth and Sir Lindsay Everard as Vice-Presidents, and the following ordinary 
members of (Vjuncil :--The Duke of (Grafton (Suffolk), Major M. E. Barclay (Hertlordshin*), 
Major Philip Pease (Durham), and Major the Hon. Arthur Hazlerigg (licicestershire) 

Congratulations. 

During the year the Council have had the pleasure of congratulating Lord Hazlerigg 
and Lord Courthoi)e on their elevation to the Peerage. 

Secretary. 

Mr. Alec- Hobson, O.B.E., at present Secretary of the National Pig Breeders' .Association 
and the Small Pig Keepers’ (Joun<*il, has been appointed Secretary ofthe Society to su(‘ceed 
Mr. T. B. Turner, M.V.O., who will relinquish the appointment on the 30th Marcli next. 

Editor of Journal. 

Dr. (Charles Crowther, who recently retired as Princi[)al of Har])er Adams Agri- 
(‘ultural (College, Newport, Salop, has been aj)pointed to succeed Mr. J. A, Scott Watson as 
Editor of the Jour7inl and will commence his duties with the pre])aration of Volu nu‘ 107 f)f 
this publication for the year 1946. 

Post-War Policy. 

Governors and Members will have observed with interest the very gr(‘at similarity in 
the Policy for Agric ulture announced by the Government and that put forw^ard in the 
Society's Memorandum and the Statement issued by^ the Society in May 1944 after a con- 
ference atttinded by representatives of all agricultural bodies [This Statement will be. 
found on page 70 ofthe Journal for 1944, Vol. 105]. 

Chemist’s Report. 

During the })ast year Members have submitted 60 samples for analysis, a})proximatcly 
the same number as in the previous year. 

The samples consisted of waters, soils, feeding stuffs, fertilizers and certain miscell- 
aneouf> item^ such as dead puppies and chickens suspc^cted of being poisoned. In the case 
ot the twelve samples of water one only was satisfactory from a bacteriological aspect. 
Sewage pollution was found in all the other samples, two being so bad as to constitute a. 
positive danger to health if consumed in the raw state. 
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A material new to the country and known aH Silico Phosphate* was examined. This 
has a complex (iomposition and is somewhat akin to the phosphate in the best kinds of basic 
slag. It contained approximately 33 }>er cent, of phosphoric acid (PsOb) and 1 cwt. of this 
Sili(‘0 Phosphate is therefore equivalent to 2 cwt. of the ordinary pre-war grade of suj>er- 
[)lu)sphate. Silico Phos])hate would be suitable for root crops and reseeding on phosphate 
d(‘fici(*nt soils, and, as it is n(*arly throe times as strong as the average grade of basic slag, 
only light dressing would be needed. The samples of Silage examined w(*re good and had 
obviously been well made. It is surprising that greater use of silage is not made. It is easy 
to ])rci>are, can be used over a very long period, can be used immediately it is ensiled and can 
b<‘ used for })racti(tally all classes of stock, with the p<.)ssible exception of ]>igs. Silage is, in 
fa(‘t, a most convenient crop, and the old idea that it possesses an appreciably poorer 
nutritative value than the green crop from which it is made is, provided it is not sour, not 
a fa(‘t. 

Many interesting letters dealing with various troubles have been received from M(*mbers. 
f)u(* of these dealt with two cows that exhibited a s|)ecial liking for elder leaves. Apparently 
thes(* two cows showed no alarming symptoms, which is curious as these leaves contained, 
besid(*s a purgative alkaloid, a (^yanogenetic glucoside similar to the one in almonds, and 
capable* of developing an ap])reciable amount of prussic acid on digestion. The other cows 
in tilt* herd would not toiurh these leaves. 

A M(*mber lost several young (ruernsey calves through lead poisoning owing to the 
young (waives licking the inside of j)ainted doors. A synthetic resin paint, although difficult 
at tlu* moment to obtain, would be ideal and quite harmless to eatth*. In the absence of 
such a paint praeti(*ally any type that was free from lead, eoj)]»er, arsenic and soluble 
barium would l>c satisfactory. 

Sir Rowland Biffen's Resignation. 

It is with feelings of sincere regret that the Committee have to report the resignation 
of Sir Howland Biffen, F.R.S., who succeeded William (Vrriithers as (Consulting Botanist 
to the Society scune 35 years ago. From 190H to 1931 he was Professor of Agricultural 
Botany at f’ambridge. Tliroughout his teaching career he was famous for his clear, ini- 
})ressiv(* and inspiring instruction wliich, at one time and another, (covered every branch 
of agricultural botany. In the organization and early life of the National Institute of 
Agric’ultural Botany he jilayed a loading part. Farmers probably will know Sir Rowland 
l>(*st for his wheats ; he was a juoneer of the a])plieation of geneti(*al science to ])raetieal 
breeding. Some years ago Fream's Elements of Agriculture was n*vi.'^ed h\' Cambridge 
authors under Sir Rowland as inlitor. 

Animal Diseases. 

While the numbers of outbreaks during 1945 of tlie scheduled disease-^, given in the 
official returns of the Ministry of Agriculture, all show some dec rease when compared with 
the pri*ceding year, the ])osition cannot be regarded as satisfactory*, especially in the case of 
foot and mouth disease. The prevalence of this disease was the subject of a discussion in 
the (V)uncil last May when a resolution was passed : — 

“ That this (\>uncil greatly deplores the excessive prevalence of foot and mouth <iis^*ase through 
carelessness in the disposal of huti'hors’ <»ffal from imporifnl carcasses, and tiie aci^ess of pig.s and 
other livestock to such offal ; strongly depr€H*ates the lenient treatment hy lo<*al iH^nches of magis- 
trates of many of those proved to be responsible for thus spreading the <lisense, and respectfully urges 
the Home Office and the local authorities to take <irastic .steps to che<*k the seriou.* loss of milk, meat 
and public money whi(‘h these occurrences involve.” 

ImiK>riatian of Pedigree Animals. 

The Society ha« been notified by the Ministry of Agriculture during the year of the 
importation, under various Acts of Parliament, of pedigree animals of the Holstein and 
Ayrshire Breeds, from Canada ; and of Polled Hereford cattle from the United States, 
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Medals for Cattle Pathology. 

In the annual examination conducted at the Royal Veterinary College this year for the 
Society's medals for Cattle Pathology the silver medal was gained by P. L. Ingram, Kings- 
wood, Main Avenue, Moor Park, Northwood, Middlesex, and the bronze medal by P. Kiddle, 
Bull Farm, King’s Worthy, Winchester. 

National Diploma in Agriculture. 

As in the previous year, two examinations were held in 1945 for the National Diploma 
in Agriculture. For the first, at Edinburgh in April, 132 (‘.andidates appeared ; at the 
second, at Leeds in July, 218 candidate.s presented themselves. Following are the names of 
those who gained the Diploma — 34 at Edinburgh and 72 at I.ieeds : — 

Edikburoh Examination. 

iJiplonm. 

(iKOFFREY Kdwin Barnslev, Hftrper Adams Agrifiiltural College. 

John Barrett, Royal (\jlI<*go of Scionf'o. Duhhn, 

Fhanois James Bennison, Harper Adams Agrieiiltural (^ollege. 

John PERnvAL Blknkinsop, I'/nversity of l,<eeds. 

Walter Bo\, Univ'crsity of Olasgow and West of Seotland AgrH'tiltural (’ollege. 

John West Bcrrf.ll, University of Leeds. 

VV^ILUAM CowiE, University of Glasgow and West of Seotland Agrienltnral College. 

Winsome DoNALDSf>N, West of Scotland AgrR ultiiral Lolletje. 

At.an Jame.s PjOWAhds, Midland Agricultural (’ollege. 

David iiJxLEV, Univ’ersity of Leeds. 

James Woosnam Gore, University of Reading. 

Jean Hemsley, West of Seotland Agricailtiiral UoUege. 

William Charles Jackson, Midland .Agricultural College. 

PJlinor Wyn Jonk.s, Pfarper Adams Agricultural College. 

Alexander Kin<;, West of Scotland Agricultural College. 

John Lowe, West of Scotland Agricultural (’ollege. 

MniDocH MacDonald MacC’owan, University of Glasgow and West of Scotland Agricultural (’ollege. 
IvN Bdward McLean, l^niversity of Glasgow and West of Scotland Agricultural (\>llege. 

Bkbnahd Maher, Uiuver.sit> of Lc*ed«. 

John Charles Matthew.s, University of K<‘adiiig. 

Ian Watson Mitchell, University of Glasgow and W<‘st of Scotland .\gricultural College. 

F^hilip Alfred Naylor, Universit y of LchnIs. 

Robert IiJrnkst Paciet, West of Scotland Agricultiiral College. 

Dennis Cec jj. Pric e, Urii\er.sity of Leeds. 

(Geoffrey Kiohton, Uni vcjrsitv of Reading. 

Alan Muikhead Simpson, West of Scotland Xgncultiiral College. 

James Gordon Smith, W(»st of Sc;>»tland Agricultural College. 

Kdoar Stickland, Midland Agricultural CoIlc*ge. 

Thomas Umpi.eby, University of Leeds. 

Alfred Wal.sh, Uni\ er.sity of Lc?eds. 

James (Jraio Wardrop, University of Glasgow and West of Scotland Agricadtural Collc‘ge. 

James P'ARQrnARsoN Whitson, University of Glasgow and West of Scotland .‘\gricMiIlural College*, 
Dknni.s P^rank Wilson, Uiin^^rsity of Leeds. 

Leonard tloHN Patric k Woodroff, University of Rending. 

Leeds Examination. 

Diplmnn with Ilonovrft. 

Trevor Jones, Harper Adams .Agricultural College. 

Diploma. 

Peter John Allden, ITiiversity of Heading. 

David Shabdlocv Allen, Midland .Agricultural (Vdloge. 

Peter Strett«»n Allen, Midland Agricultural Odloge. 

Humphrey Gii.man Back, Midland Agricultural C’ollege. 

Denver Georoe Bacjlow, Scale Hayne Agricultural College. 

Walter David;>on Beard, Midland Agricjultural College. 

Peter Beese, Harper Adams Agricultural College. 

Ashley Michael Behagg, Harper Adams Agricultural College. 

Joseph Alan Bi.ack, Midlatid Agricultural College. 

VViLLiAM Ernest Grorc;k Bolt, Seale Hayne Agricultural OJlege. 
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Annk I’atrk ia Boavatku, laiiversjty of 

Akthitr Pktkk Kvhon BrcK, Midland Agricultural (Villegc. 

John Pkrcival (^althorimo. Midland Agrioulturul (College. 

Anthony Martin T'kakt, Harper Adam*^ Agrieultural Colk'ge. 

Khk' ('harlks Harry (’hash, rinverHity of Heading. 

rlAMKS (’hark. PnivcrHity of (Jlasgow and West of Scotland Agricultural (’ollege. 

(Ir.oiUiiK Dm oi.ah ( i.Ktai. Midland Agriculfural (’oll<*ge. 

Donald Wii.i.iam (’oorkr. University of (llaagow arul West of S<*otlan<l Agricultural ('ollege. 
^^’lL!lA’Vl UoLiN ('ouLisHAW, Midland Agricultural Uollege. 

Koblkt Pktkr Davikh, Midland Agricultural Uollege. 

Hohkrt Sydnky Davis, Seali' Hayne Agra-ultural Uollege. 
l*K(;c.v Isis Dawson, Mullaral Agricultural (’olicgc. 

KcuiKR .Alan Di dmvn, Harper .Adams Agraailtural Uoll(‘ge 
Dkruu K Kvjuikd Dunn, Harpei \<lHTns .Airncultural (’ollege. 

Ivor John Kam.knkr, Harp«‘r Xdarns Agricultural (’ollege. 

\rthuh .Iomn Ko.x, Harper Adams Agra*ultural (’ollege. 

David M.arsh (».AiiHA'n\ Har)a*r .\dams Agruailtural Uollege. 

(iLOROF (’OLIN Hor.i.iNSON UiiisoN, Midland .Agricultural (’olleg<‘ 

I\(» Mi< HAKi. (ioDURKY, Midlarnl .Agricultural (’ollege 

John Dkrrk k Mln.tamin (Griffin, Seale HaAiie .Agricultural (’ol)etre. 

'Thomas (Iarstano (li dofon, Harjicr Adams .\grn*ulturHl Uollege. 
l\N Pktfr (ii THRir, Harper \dams \gri<*ult oral (’ollege. 

Pi.TFR AiiKN Hauc.hton, Midland Agncult iiral ( ’ollege 
I’x'i'RHK Hkron, Scal<> llaMW' \gricultural ( ’ollegi'. 

JwiLs Hl'V Hopwood, Scale Haynt‘ Vgra ult oral ( 'ollege. 
rL'i i’R Mn HAFL Hurkm.i.. UuDcrsity of la'cds 
.loiiN Ai.Rr.KT JoM s. (‘ni\ersit.\ of Heading. 

W'if.i.i \M Kknnlth 1*rV( l Jonls, Haipcr .\<lams Agricultural i 'ollege 
Marovrlt Uwkndomnl Knovslfs, Midland .Agraadtund Uollcgt*. 

'Tom Lik\ i:si.k\ . Midland Vgruailtnral (’(diege. 

Joslimum: Hkrta M\m hososTAFn:, Harper AdaniN Vgruniltural ('ol!eg»‘ 

I.FsLir. Marshm.i, Unnersity td* lassls 

D\mfi. W'n.LiAM David Lxnodon Mfad. Univci'^it.x of Kea<ling 
()wi<\ Midiukton. Midland .Vgia ultuial (’olleg«‘. 

Dwid Hn HARD .Mum ford. Midland Agneultnral ('ollege 
Ulrxi.d H XLJMi Pviv, Harfier .\daius .Xgra ultural Uollege 
.Maimic ^’vo^^^ l*Rl< K. S(‘ale H«ivne Xgricultural (’ollege 
Xhnold Titi'voh Smith Hamsrottom. Midluml .Xgn< ulniral Uollegt' 

Hin’A.N Phtfr Ht< h \rdso.n, Unix ersjty ef Letsls 
Km.iui Sampson, .Midland Agricultural ( 'ollege 

(Jii.RKRT Krnfst XX'n Li VM Suiu oMHi- . Seale Ha\ ne Xgru ultural UolJ ‘gc 
Hohkrt Si.Mi’soN. l'iuver'«it\ nf Heading. 

'Thomas Kdmund .Xlxwni: Simpson, Midland Xgiicultural Uollege. 

Kdw vri) S'I'f.vj^ns. Har]>(T Adams Agraailf nral (’ollege. 

Arthur I.xno Sti.m -vri’, XX't^st ofSi otluial XgnenltnruJ (’ollege. 

(’f< n. David 'Taylor, University of Heading. 

Hkrrfu* Sid.nkx Twixm, HarptT .Xdarns Agricultural College. 

Hhilip SALizf: d'AN LOR, Midlaiul XgrRndtural Uollege 
Halph William 'Thomps<in. Mi<liand .Xgri<‘idtural College 
PitiLii John 1’urnkr. Midland Agneultnral UolU'ge. 

Korkrt XVili.iam Wakklky, Midland .Agricultural (’ollege. 

Hu\ AN Stfwakt XV vkkl\ , Seale Hayne Agricultural (’ollege. 

(Jfrm.d Ronald Watkins, Midland .Agricultural Uollege 
Mrs, Dohotuy XVi.stoby, Midland Agneultnral (’ollege. 

Philip Uiiaruvs XX'eston, Midlarnl Agricultural (Adlege 
UoBFRT -Alvn XV'kston, Midland Agricultural (’ollege. 

Haymonj) Frank Whitworth. University of Rea<hng. 

Hopkjn John Williams, University of Reading. 

Dkopfrrv H.alfk W 1 L.S 0 N, University of Reading. 

Sa dnkv ('hahlks Wii'TERtNO, Midland Agrieultural (’ollege. 

(’hari.fs Stuart A’ouno, Midland .Xgrieultural (’ollege. 

N. D. A. and P. 0. W. 

The National Agricultural Examination Board has arrangcnl to allow Prisoners of 
War wJio were attending lectures and eoui'ses in Agriculture in t heir Prisoner ol War camps 
to sit for the examination tliis year. Those xx^ho had already ]>asse(l in certain subjects 
will he allowed to complete the examination. 

8 
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National Diploma in Dairying. 

For the National Diploma in Dairying the 50th annual oxaminatioii was hold in Sept- 
ember, at Reading for English and Welsh students, and at the Dairy School, Auchincruive, 
Ayr, for Scottish students. At the English centre 99 candidates were examined, of whom 
54 were succeASsful. Tn Scotland there wort' 60 candidates, of whom 23 passed. Names of 
Diploma winners are given below* : — 

E^iglish (^entre. 

,l0Y(.'E AixisoN, Mkllaiid Agricultural (V>llogo. 

Diana Mary Rates, Studley (Vilk'ge. 

Wendy Reatrick Betfieed, Midland Agri<*ultural (‘ollcgc. 

Rosemary' Berhidee, Midland Agricultural (^illcgo. 

.h’l.iETTE Bide, The Ihiivorsity and British Dairy Institute*, Heading. 

(.Jeorue W11J.IAM BiU(’HENm EH. Midland Agi“i<‘ullural (’ol!t‘ge. 

Veronica Bondi, Studloy (^ollegc. 

Elizaretii Addrey* Broad, Senk* Ilaync* Agricailtural Collc*g(*. 

Oll.i.iAN Mary (V>ok, The University and Britrsh Dairy Institute, He*iding. 

Elonwy Ann David, University College of Walc's, Aherystwytli. 

Eh'ned Powys Davies, University Collc'ge of Wales, Alierystwyth. 

.Jennie Davies, Univorsit\ (’ollege of Wales, Aberystwyth. 
l^AMEDA EvKJYN DoVVEKN. Stu<lleN Collegt'. 

Vera I^awry Eddy, Midland Agneulturai Uollege. 

Miij.K'Ent Aeice Edwards, Soak* Hayiie Agncailtural College. 

Be'fty’ May Evans, Stndley (‘ollegc*. 

Mahearet Eii.een Eaekneh, INIidJand Agneultural Colk‘ge. 

Kathij-:kn Mary Kisuer, Midland Agneiiltural Colk'ge. 

Kenneth J..an< eeot (»odd\rd, Seale Hayne Agricultural College. 

I.ETiTiA Mary Ai.dw ^'TH (jIkiffiths, Cnivf»rsity ('olk*go of Wales. Ahejystw;^ th. 

.June Annette Grover, Stu<lk*v College. 

Mary Oj.ive (jIwyther, The University and British Dairy Institute, Reading, 

Janette Hadi.kv, "Jlie University and British Dairy Institute, Rr*ading. 

Maj.c’olm IIcjrac'E Haede, Midland Agneultural College. 

I.KSME STF:rREN B ARRIS, University College of Wales, AlxTjstvvyth. 

Marearet Helen Hewett, Tlie University and Bnti.sh Dair^” Tnstituti*, Heading. 

Betty Hill, Midland Agricultural (\illeg#*. 

.Torn Charles Ho( ken, .Sc^ale Hayne Agrie-iiltiiral (^ollege. 

Kathleen Valerie Ja( c^ues. The Univwsity and British Dairy Institute, Reading. 

Patricia Isahel Jevvei.l, The University and British Dairy Institute, ReiuUng. 

Gwyneth May Jones, University (College of Wakw, Aberystwyth 

VTvten Bon iw ell Laidlavv, The University and British Dairy Institute*, Reading. 

Jean Lamheht, Midland Agneultural College*. 

Hiida R. Bang, The University and British Dairy Ticstitute, Reading. 

Mary Patienie Lano, The University and British Dairy- Institute, Reading. 

Kmu.y Jean McBride, Midland Agneultural College. 

Honor Isabel Mai.ins, Tlio University and British Dairy Institute, Reading. 

Kmma Mary' Megcun.hon, Studley Colk^ge. 

PRISCJLIJV Mary Mei.lis, Tlie Ihiiversity and British Dairy- Institute, Reeling. 

.‘Xvp'.RiL Donorfiv Kowei.l, The University and British Dairy Institute, Reading. 

J*I’:np:i.ope Ej.izabetm Pipon, 7'lie Univ-ersity and British Dairy Institute, Reading. 

.Tanp; Klinor I^ugh, University College of Wales, Atierystwyth. 

Ann Cocrtenay (Urew- Robinson, Wtiidley College. 

Elizabeth Mary Robson, The* Univ-ersity and British Dairy Institute, Reading. 

June tSANDERs, University of Wales, Alierystwyih. 

Kathlp:p:n Joyce Hkidmokk, Studley College. 

Elisabeth Mary- Stcdd, The University and British Dairy Institute, Heading. 

Pat ricia Terry, The University and British Dairy Institute, Reading. 

Glv thvn Mar.jorje Sarah Thompson, University College of Wales,' Aberystwyth. 

Jean Marc^aket Tiij.ey, Uniyersity College of Wales, Alierystw-yth. 

Hklj<3^ Daphne Tonge, University College of Wales, Aberystwyth. 

Janp:t Patrjc ia WiiBBPUt, The University and British Dairy Institute, Reading. 

Dilys Rhys Williams, University College of Wales, Aberystwyth. 

Evanoeunb Joan Williams, The University ajid British Dairy Institute, Beading. 

Scottish Centre, 

Elizabeth 8tklart' Patp:r.son Adam, Wolfelee, 54, Klvan Stn^jt, Motherwell, Lanarkshire. 
Richard Roydkn A\p:ry, 22, liJorth View, Westertem, by Glasgow. 
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E11.KKN Craigik Carter, LiiikH, Pupa VVestray, Orkney I»les. 

Malcolm Edward Castle, 7, Roberttown Lane, LiverstHlge, Yorks. 

Elizabeth Greeley Cruickshaxk, Mill of Pestty, Fyvie, Aberdeenshire. 

CmiiSTiNE Wkir Ferguson, Kilmhor, Carlibar Dnvo, Borrhearl, Renfrewshire. 

Grace Louise Sutheju.and Forbes, 178, C’rieff Road, Hillyland, Perth. 

Evei.yn Margaret Buchanan Goudte, lb, Btdrnont Gardens, Edinburgh 12. 

Jean Hemsijkv, Woodside, Rwl Row, Morjieth, Northumberland. 

Anne Henderson, Nowlands, Wost€»r Essendy, Blairgowrie, Perthshire. 

(Yeatoh W1L1..IAM KpaxY, “ Alnieda,’’ 61, Bray Hill, Douglas, IsJe of Man. 

Ellen Dykes Macfari.ane, “ Woatliouse,*’ Strathaven, Lanarkshire. 

Catherine Ann McGregor, Strontoiller, by Oban. 

Marion Mac’1.kod, Creaganan Gorma, Carloway. Stornoway, Isle of Lewis. 

Mar^} ABET Jean Duncan Mac^Pherson. 16, West Chapidtown Croseent, Bearsden, Glasgow. 

Frank Raymond Nu'ITall, ‘‘ Brooklyn,” 1112, Liverpool Road, l^])ton-by-(^heHter, Chester. 
Elizabeth Eleanor Pea< <h k, Beoeonsfield Tloiisc*, Barnard Castle, Co. Durham. 

Mary Fyke Ri’SSp:ll, 4, Eastwood .Avenue, Giffnoek, Glasgow. 

.Moira Christison Smart, 41, Milton Road West, Portobello, Midlothian. 

Ruby Dorothy Snow’, 12, Lyndhur.st Drive, Sevenoaks, Kfjnt. 

Robert Lewls Sutherland, 31, Sheephum Hood, Ctfdington, Lnnarkahirt\ 

Eileen Alexandra Urwin, Temple House, .Anglesey Rfiafl, Kingston-on-Thaines, Surrey. 

Anita Ferguson Whytp:, 3, Pelaw’ Terrar’e, Durham. 

All but two of the candidates at the Scottish (Vntre had been students at tlie Dairy 
StJiool for S(*otland, Auchincruive, Ayr. 

The National Dairy PLxamination Board have now uiid(‘r c-onsiderMtioii the revision 
of tSe Syllabus with a view to bringing tin* Examination more into lint* with prt^sent day 
needs. A ]»roposal has been made* that the Examination should now he divided into two 
jiarts (g) Dairy Hushandry {h) Dairy Technology. .A special Sul)-(^>inmittt^t* of the Board 
has been appointed to draft Hegnlations anti a Syllabus for such an (‘xamination. 


Long Service Certificates. 


(Vrtifktates havt' 
Gkorgp. Wai.l 
W. Cvrpentkr 
William Mouse 
doHN Yapt 
W. K. (1. Bobbins 
iiEORu’E Henry Lkg<; 
W. E. t 'AHPPLNTKR 
Hp'.rbebt Ni< HOLNOV 


Stephen Aiiaoi'*! 
•J. B. Felton 
Waiter Poole 


het*n awarded to the following for long stTvice on farms : — 

6ti years on Manor Farm, Bishopstone, Swindon. 

64 >earH on Manor Farm, .Awkloy, nr. Bristol. 

63 years on Aller Farm, Wilhton, w ith G. h. Cuh erwell. 

60 yeaiN on Mill End (Castle Frome, Ledbury, with two einpltner'-. 
.'i7 ti'ars on Manor Farm, St. Xieholas, Birehmgton 
49 ximru on Alappereornbc Farm, Bndport, with two tnnf)K)\ei>, 

45 years on Manor Farm, .Awkley. 

Pearson 4.‘> ytmi'S on Honeypot Farm, Ptwith, with three generation^- ni 
the aame family. 

45 years on Hewtsh Farm. Milhorne St. .Aialrew', Brnialfiml. wiili 
five einplovi3rs- 

44 years, and still working on Givat Bradley Hall Farm, near 
NewTiiarket . 

42 years ns Stoc’kman on the Earl of Strafford's Dancers H»ll 


H. (j. Butler 
1*. T. Smith 
J. H. Hern 

.1. H. Dennis 


Farm, Barnet, Herts. 

41 years on Impington Farm, Ciunbridge, with (Olivers Bros., Lt<l. 
41 years at Monktoii (^ourt. Minster, Thanet. 

46 years on Manor Farm. Aeton Tirrold, Berks., with F. J. K. 
Cross. 

40 years on tho Earl of StrafTord’s Horne Farm, Wrothain Park, 
Barnet, Herts, 


Servicje qualifying for an award in forty years on the same or different luildings with one 
employer, or forty years on the aame holding with diffei'ent employers. Farm workers 
(male or female) — excluding gardeners, grooms and gamekeejiers -in any part of England 
or Wales are eligible for tlie awards. Claims on behalf of farm w'orkers must be made through 
County Agricultural Societies on special forms which may be obtained from the Secretary 
of the Royal Agricultural Society of England, 16, Bedford Square, London, W .C.l. 
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Queen Victoria Gifts/’ 

There were again no un8ue(ics«ful applicants for pensions at this year’s t^lection of the 
Royal Agricultural Benevolent Institution, and, under the terms of the trust deed, the 
Trustees of the Queen Victoria Gifts Fund were precluded from making their annual grants. 
The amount available is therefore being retained for grants in future years. 

Victory Chum Contest. 

In the inter-county competition for the encouragement of in(;reased milk production, 
the £100 C’hallenge Troph^' offered by the Royal Agricultural Society was this year gained 
by the Soke of Peterborough. The formal [wesentation was made at the Farmers’ Club 
in October by the Minister of Agricult ur(\ from whom the President siibsecpiently recdved 
a letter in the following terms : — • 

Dear Lord Courthope, 

I was very glad you were able to attend the pleasant little fiinetiori at the Farmers’ Flub <»n 
Wednesday last, w'hon the Uoyal Agricultural Sociidy’s tropliy was presented to the Soke of Peter- 
borough people and yon were able to hand them a diploma as a pt*rnianent memento of then* achieve- 
ments in milk production last wint^n*. 

You will rcHjall that in my remarks I paid tribute to the Society's generosity in making this very 
handsome trophy available for national eom]>etition among tlie dairy farmers and their workers in 
the different counties, but I should not like the opportunity to ptiss without plaeirig wdiat I said on 
record. 1 should be glad, therefore, if you would convey to your Council my deej) apprec‘iation of 
their ])ubhc-spirited action in making the Victor^’ (yhiirn Uont(»st possilile for the past thr<»e yiuirs and 
in jiroviding .such a v'aluahle stimulus to the war-time milk produetjon campaign. 

^’uurs sinec'Telv, 

T. ‘williams. 

The Ht, Hon J.rord ('ourthojie, M.C. 

The (competition will not be continued as it was a wartime feature : when tlu* Sok(' of 
Peterborough has held the tropli\' for a t ear it will be returned to the Sockdy and will be 
available for sudi purposes as th(‘v may wish to aj)ply it. 

Lincoln Show. 

As (governors and Members will be aware, the Sockdy will be unable for reasons 
explained in the October Review to hold their first post-war Show tliis te'ar. It is itopod, 
however, that the long jKistponed visit to the City of Lincoln will take ]>la(ie in 1947. 

New Show Regulations. 

M(*etings ol' the Vederinary and Stock Prizes Committees have b(‘en held to (tonsidt*!* 
the quei^tion of restricting entries of cattle at future Royal vShows to animals that hav(* 
suc(^essfully iiassed the jiresc^ribed tests for Tuberculosis and Oontagious Abortion. The 
following re.solutions w(*re passed at a mating on the 15th March last. 

Proposed hy Sir Archibald Weigall, seconded by Lt.-CVil. Guy Blewitt 

That th«‘ time has now' arrived when provi.sion at the nc-xt Hoyai Show should be made for the 
(exhibition of Cattle from Lieerisfed, Attested or Supervised berds only, or those) having passcnl o 
prescribed test for Tuberculosis ‘X ’ week.s before the optming of the Showr, and that entries be* 
re.stricted to these group.s.'’ 

A pro})osal that (’attle must have jiassed the Agglutination I’est for Contagious Abortion 
within “ X ” wwks of the opening of the Show’, or have been vaccinated with S.19 Va(‘dne, 
was defeated by 8 votes to 5. 

lx)rd Rigby then moved an amendment, and Mr, C. W. H. Glossoi) seconded : — 

“ That a Jicguhition .should Iw introduced as .soon as praeticabk?, but not before 1947, to ensure 
that all animals hi the 8how' huv'e pusstsl the approved (’ontagious Abortion Teat or Tests.” 

This was agreed to 

The resolution.^ Inive been accepted by the Council and further meetings to discuss the 
details are being arranged. 
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President's Visit to Argentina. 

During the summer Lord Courtho|)e paid a visit to the Palermo Show of the Soeiedad 
Rural Argentina as th(‘ honoured guest of that Society. He was most lavishly entertained 
and his visit will liavt? a very great effec't in cementing the frieialship )>etween this couiitry and 
the Argentine Republic and in removing misunderstandings. Lord (\)urthope presented 
a lengthy report to the (Council at its in(*eting on the 24th O(*toher and fuller details are 
givfMi in the Society’s Quarterly Review for October last. 

Judges at Palermo Show. 

’'Phe following British Judges officiated at this \ear s show of the Argentine Rural 
So(!i«»ty Lord Lovat, Shorthorn cattle : Mr Ahwander B(‘ddie, AlMM‘de(*n Angus (tattle ; 
Mr. A. K. Moore, Hereford cattle. 

Honorary Membership. 

l^ast June, the Chairman of the Argentine Rural Soc iety, Senor Jonc Maria Bu.stillo, 
w^as elec^ted an Honorary Member of the Royal Agricultural Society. 

Ix)rd (\)urthope, sin(*e his return to this country, has been honoiin‘d by the Argentine 
Rural Society ancl the Associatioi^ of Shorthorn Breeders of Argentina, wiiich have both 
(‘onferred upon him their HorK)rary .Membershij). 

Research. 

The (»\perinients on tlie residual inanurial value of cake fed to grazing cattle at 
Rothamsted Experimental Station, the investigation into the cumulative effects on a light 
arable soil of various medhcwls of disposal of sugar beet to])s and straw at Norfolk Agri> 
(uiltural Station, Sprowston, and the grassland re*seeding trials at various ctuitres are Ix'ing 
(larried through to completion, and it is ho]KMl to give Covernors and Members further 
(hdails of these in tiu' Quarterly Review. 

Jamaica Agricultural Society. 

On the oeea4sion of its JubiltM* in 1945 the President sent the following m(*ssage of 
(M)ngratulati(»n to the Agricultural Soch'ty of Jamaica : — 

Pn^mdoiit, C/Ouiicil, CfOveniors uiid Mciiibors of the Royal Agruniltuml Society of Kn^land heartily 
eoiigratuUite Jamaica Agricultural Soeiety on completion of 50 years active work for prosperity of 
Colonial Agriculture and apprwiate close alliniK’c and co-ojx^ration between our two bodies for 
s<‘iontifi(' njsearch anti jinvctical progrt'ss. 

We hope that nuMtibers of your Society may visit our National Show before* long anti (*an assun' 
you of a hearty w*€'lconie. 

COl'RTHOl’K. Pni<Uleut. 

Farm, Dairy and Garden Apprenticeship Scheme. 

l^he Executive Committee have aeeorded their a])]>roval and support for a scheme of 
ap])rentk5eHhip in agriculture and horticnlture outlined in a letttT retxuvt^i from th(‘ Women’s 
Farm and Ganien Association. 

Representation on other Bodies. 

To repre.sent the Society Sir Roland Burke has been ap])ointed a mernlx'r of th(‘ Council 
of the National Horse Assoeiation, and Mr. C, W. H. Glossop, M.P., a member of the 
Agricultural Electrification Advisory Committee of the British Electrical Dev^elopmeiit 
Association. Re-apifointinents include Sir Merrik Burrell on the Small Pig Kee[>ers’ Council 
and Mr. Turner on the Registration Committee of the Worshipful (^)mpan\ of Farriers. 

Pictures. 

The valuable pictures belonging to the Society whii‘h were remove^d to tile country for 
safety have now been restored to their at'customeil places on the w^alls of the Society’s 
House. 
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Free Use of Rooms at 16, Bedford Sauare. 

The Society’s offer to allow Breed Societies and other Associations connected with 
Agriculture to use, free of charge, rooms at their Headquarters has been taken advantage of 
during the year by the following : — the Royal ’’eterinary College, the National Federation 
of Young Farmers’ Clubs, the Women’s Farm and Garden Association, the National Farmers’ 
Union, the Rural Reconstruction Association, the Agricultural Education Association, 
the Sussex Cattle Society, the English Guernsey Cattle Society, the English Jersey Cattle 
Society, the English Ayrshire Cattle Breeders’ Association, the National Horse Association, 
the National Pony Society, tlie Arab Horse Society, the Hackney Horse Society, the 
Hunters’ Improvement Society, the British Show^ Hack & Cob Association, the Show Jumping 
Association, the National Sheep Breeders’ Association, the Southdown Shoej) Society, the 
National Pig Breeders’ Association, the Small Pig Keej)er.s’ Council, t! e Large Black Pig 
Society, the Essex Pig Society, the Show*^ Secretaries’ Association. 

These bodies, many of whom have b(‘en evacuated from their London Headquarters 
since 1089, hav(* expressed themselves as most grateful for the accommodation afforded to 
them and their appreciation of the arrangements made for their meetings. 

Bed Cross Agriculture Fund. 

A final donation of £500 has been made to tlie Red Cross Agriculture Fund during 
the ])ast year, bringing the Society's total contribution to the Fuiifl up to £2,500. 

Other Donations. 

The Society has also contributed £1(K) to the Educational Movement for Agriculture, 
50 guineas to the Veterinary Educational Trust, and 10 guineas for British Electric-fd 
Research. The exj)eriscs of the annual general meeting of the National Federation of 
Young Farmers’ (^ubs will be defrayed by the Society. 

Accounts and Investments. 

As last year the Accounts for 1945 are presentc^d to Governors and Members at the* (*nd 
of this rejiort, as it is not possible to hold a General Men^tiilg at which formal presentation 
would normally be made. 

During the year the Society has invested from the Reserve Fund Account £2,700 in 8% 
Savings Bonds (1965-75) ; and the Special Show Reserve P'und has been augmented by a 
transfer from Ordinary Account of £2,f5(K), which sum has been invested in 2|% National 
War Bonds (1954-56). Towards the end of the year the Society’s holdings of £6,568 17s. 9d, 
24% National War Bonds (1945-47) and £5,000 2J% National War Bonds (1946-48) were 
sold for £6,569 15s. J d. and £5,087 7s. 7d. respectively, the total sum realised (£1 1 ,607 2s. 8d.) 
being invested in 8% Savings Bonds (1965-75). 

By order of the Executive Committee 

T. B. TURNER, 

Secretary. 

16 , Bedford Square, 

London, W C. 


Februan/. 1946 . 
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liopal J^gricultural feotietp of Cnglanb 

16 BEDFORD SQUARE, LONDON. W.C. I 


STATEMENTS OF ACCOUNTS 

AND 

BALANCE SHEET 

for Year ended 


31st DECEMBER, 1945. 




ROYAL AGRICULTURAL 

Statement of Receipts and 

RECEIPTS. £ s. d. £ s. d. £ a. d. 

Cash at Bankkus and in hand, Jani aky 1. 194.1;— 

Reserve Fund Account ... ... ... . . ... 8.17 1 7 .‘1 

Current Account .‘J,S41 12 .‘J 

Petty Cash at Bank and 111 Rand ... ... .. 92 I o 

4,791 10 6 


Subscriptions : — 

Annual Governors 947 0 

Annual Members ... ... ... ... ... 5,722 7 9 

Life Governors and Members ... ... ... ... 411 7 9 

For previous years ... ... ... ... ... .‘1311 0 

«.7.12 S 9 


JOURNAI. OF THE SOCIETY ; — 

Advertisements ... ... ... ... .. ... 319 Id 9 

Sales and Reprints ... ... ... ... .. 11213 3 

432 { 0 


Examinations : — - 

National Diploma m Agnculturo ... . . ... l.U»2 7 4 

National Diploma in Dairying ... ... ... ... 2 d 

\) 4 


Miscellaneous : — ■ 

Interest and Dividends on Investments , . . 7.239 IS 4 

Income Tax refunded ... ... ... ... . H42 1 0 1 

Bank Interest ... ... ... ... ... . . 42 13 I 

Sales of Pamphlets, etc. ... ... ... . . ... 17 9 Id 

Sales of “ Elements of Agriculture ” ,. ... . 873 9 9 

Hire of Rootns 

Donations ... ... ... ... ... ... .. 103 Id d 

Park Royal Drainage Kate . . ... ... ... 123 0 1 

9,242 17 5 


Total of Ordinary Reckii*ts 18,042 19 6 

Life Compositions of Governors and Members 
Subscriptions for 1 94(> 


Overdraft at Bankers on Investment Account at 

3 Ist December, 1945 ... ... ... ... ... 11, (>07 2 S 

((Overdraft pending recoijit of proceeds of sale of 
£6,568 17s. 9d. — National War Bonds (1945- 
47), and £5,000 — 2^% National War BothIh 
(1946-48).] 

Less : Cash at Bankers and in hand at 31st Deceml>er. 

1945 

Reserve Fund Account 498 2 1 

Ckirrent Account 4,126 3 3 

Petty Cash at Bank and in Hand J 69 1 8 6 

4,794 3 9 

6,812 18 11 


2,340 9 0 

113 1 3 

2,453 10 3 


£20,919 


£32.100 10 2 
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SOCIETY OF ENGLAND, 

Payments for the Year 

Figures 

for 1944 PAYMENTS 

£ 

(iKNEHAL Administration 
3,(570 Salaries, Wages ami Allowaiifes 

51 1 Pensions and Insurance Prt^muinis 

1(53 Legal (-hargea, Auditor’s Fch\s, etc. 

1,047 Rent, Kates and House Expenses 

337 Printing and Stationery ... 

278 Postage, Telephone and Sundries 

0,000 i 

j .Journal of the Soliety : — 

705 j Part cost of V'olurncs 105 and 100 


SuiE.Nl'JFIC DeTARTMENTS ; — 

250 Chemist s Salary ... ... ... ... 250 0 0 

125 Hot amst’s Salary ... ... ... .. ... .. 125 0 0 

100 7ioologif<Cs Salary ... 

400 Orant to Royal Vetormary f'ollege . . .. ... 400 0 o 

8 Medals rv Cattle Pathology ... .. ... ... (> 1 2 

50 Grunt to Kosearch Institute, Reading ... ... . . 50 0 0 

— ,S3I 1 2 

933 

Kxaminatio.ns - 

1,075 National Diploma in Agneult lire ... .. . 1,192 7 7 

409 National Diploma in Dairvmg ... . ... .. 534 7 4 

“ 1,720 14 II 

1,544 I 

j Mi.sckllankou.s : - 

(5(50 I Grant to Reaeuroh Fimd ... ... ... ... .. 030 0 o 

23 Repairs, etc., to House ... ... ... ... ... 8 12 9 

8 j Cert ificates for Long Service ... ... ... ... ! 19 O 

1.200 I “ Elements of Agriculture ” ; Reprints and Po.stage 1.090 13 4 

109 I Park Royal Drainage Rate ... ... ... . . 22S 13 10 

4,000 Amount si*t aside against expenses re Shows ... . . 4.000 0 0 

Kd'penfiCM rc jircparation oj memorandum on postarar 
44 I Agricultural Policy ... ... ... ... .. ... 

13 ! War Damage Insurance Prcrniunm 

18 Expimses re Air Kai<i Damage ... ... ... . . 2 1111 

, Donation to Malta Horticultural Society ... • • lo 0 0 

500 j „ ,, Red (Voss War Agriculture Coimnittee . ."iOO 0 0 

,, ,, Veterinary Educational Trust ... .. 52 lO 0 

,, ,, N.F.U. Town and (^oimtry Kilucation 

Propaganda ... ... ... ... 100 0 0 

,, ,, British Electrical and Allied Industries 

Research Association ... ... ... 10 10 o 

C’lontnhution towards the President’s exjienses for 

his visit to the Argon tmo ... ... ... ... 300 0 0 

Victory Chum Contest — Diploma ... ... ... 21 0 o 

PuMicity Adviser ... ... ... ... ... ... 300 0 D 

Quarterly Bulletin ... ... ... ... ... 333 5 4 

_ 7,r,s9 10 2 


Total of Ordinary Payments 17,793 16 6 


Purchase of £14,307 2s. 8d. — 3% Savings Bonds 

(1965-75) ... 14,307 2 8 


Cofih at Bankers and in handy December 31, 1944 : — 
Beserve Fund Account 
Current Account 

Petty Cash at Bank and in Hand 


632,100 19 2 




£20,919 
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ROYAL AGRICULTURAL 

Balance Sheet, 


Figures 
for 1944 
£ 

266,267 

4,000 

2,650 

1,350 

1,333 

17 


266,284 


270,026 


2,228 

267,798 


5,176 

J,681 

65 

1,746 


CAPITAL AND RESERVE FUND:^- 

As at Docombor 31, 1944 ... 

Show Fund : — 

Contribution from Ordinary A/e. 

Lesf ! ; Anroimt transforrod to Spooial Show Resem^e 
Fund 


Lesf^ : K\j)on.sc8 not allowable to any Show ... 


RKriciP'rs and Payments Account : — 
Ordinary Receipts 


£ .V. d. 

4,000 0 0 

2.500 0 0 

1.500 0 0 

1.322 S 11 


£ iS. d, 
267,708 9 7 


a s. d 


177 11 J 


267,976 0 S 


18,042 19 6 

17,793 16 6 


1 ,455 


249 

3 

0 

267,739 

Less : Adjustment re outstanding Assets and 

268,225 

3 

8 

187 

Liabilities 

128 

6 

6 

267,552 


268,096 

18 

2 

625 

Life Compositions receiv'ed in 1945 

2,340 

9 

0 

73 

Suhscriptions in advance received in 1944 

65 

7 

0 

268,250 


270,502 

14 

2 

1,776 

Add : Appreciation in market values of Investments 

989 

3 

3 


Depreciation, written off, viz 


16 

Furniture, Fittings, etc. (10%) 


14 8 

6 

111 

Show Plant (10%) 


100 1 

10 


Timb€ir, Ironmongery and MiscellaneoiLS Materials 



2,101 


(20%) 

2,100 18 

11 


271,491 17 


2,215 9 3 


SPECIAL SHOW RESERVE FUND; 
As at 3l8t December, 1944 
Add : Amount transferred this year... 


Less ; Depreciation in market value of Investment 

SUNDRY CREDITORS:— 

Sundry Accounts owing 
Subscriptions for 1 946 received in 1 945 


Overdraft at Bankers on Investment Account at 
3 Ist December, 1946 ... 

[(Overdraft pending receipt of proceeds of sale of 
£6,568 17s. 9d. 2\% National War Bonds 

(1945-47), and £5,000 2^% National War Bonds 
(1946-48).] 

Less : Cash at Bankers and in hand at 31st December, 
1945 

Reserve Fund Account 
Current Accocmt 

Petty Cash at Bank and in Hand 


269,276 8 2 


5,175 I,'! 0 

2,500 0 0 


7,675 

15 

0 

12 

10 

0 

2,200 

1 

2 

113 

1 

3 


7,6 


5 0 


2,818 2 6 


11,607 2 8 


498 2 1 
4,126 3 3 
169 18 5 


Show Accoimt 


4,794 3 9 
767 H 9 


5,661 15 6 


£274,720 


6,045 7 2 


2 9 


Irving examined the foregoing Statiement of Receipts and Payments and Balance Sheet with the books and vouchers 
actions of the Society for the year 1 946 and that the Balance Sheet seta forth correctly its financial position on the 31st 
the name of the Society or of Trustees on its behalf or, where the stocks are registered, that the certificates of titles were 



SOCIETY OF ENGLAND. 
Deoembbb 31 , 1945 . 


Figures j 9 . d. iL s. d, 

for 1944 I RE8JSKVE FUND INVESTMENTS AT Mabket Pkices on 
£ Dkceaiber 31 1946 * 

77,986 , £73,571 11«. 9d. 3i% Conversion Stock (1961 or after) (?^ 106 ... 77,985 17 8 

I £2,840 13«. 6d. London County 3i% Consolidated Stock (1968-68) 

2,997 I @ 105 2,982 14 2 

£12,234 129. 5d. Commonwealth of Australia 4% Registered Stock 

12,969 (1955-70) 106 12,968 13 11 

8,358 I £8,316 Is. 3d: 3% Savings Bonds (1960-70) @ lOljf 8,420 0 3 

£11,371 18«. Commonwealth of Australia 3f% Registered Stock 

11,656 : (1946-49) 101 11,486 12 4 

3,567 £3,430 Central Electricity Board 3|% Stock (1963-93) @ 104 ... 3,567 4 0 

j £4,719 London, Midland & Scottish RIy. Co. 4% Debenture 

5,097 ; Stock @, 103 4,860 11 4 

31,571 ! £31,414 2«. 8d. 3% Funding Stock (1959-69). @ lOlJ 31,806 16 2 

£3,784 9«. lOd. CJrovdon Corj)oration 3% Redeemable Stock 

3,822 (1956-8) @ 100^ " 3.803 8 3 

I £3,416 8s, 4d. Railway Finance Corporation 2^% Guaranteed 

3,365 Del^enture Stock (1951-2) @ 98^ ... ... 3,366 3 5 

£3,000 Eastbourne Waterworks Co. 4% Series “ B ” Mortgages 

3,000 @ 100 (cost) 3,000 0 0 

34,262 I £34,433 I8s lOd. 3% Redemption Stock (1986-96) @ 102 35,122 12 5 

25,983 [ £25,165 U. Od. 3% Conversion Stock (1948-63) @ 102^ 25,7.31 5 3 

2,274 684 Charrington & Co., Ltd. £l Ordinary Sliares @ £4 Ss. Od. ... 2,838 12 0 

798 760 Charrington A Co., Ltd. £1 4% Preference Shams @ £l 2s. 9d. 864 10 0 

9,326 £8,956 16.v. 7d. 3^% War SU)ck (1952 or after) @ 103^' 9,247 18 6 

£827 4^f. 4d. Wt'stcrn Australia Govermnent 3J% Inscribed stock 

844 (1935-55) @101 835 9 9 

6,659 £6,568 17#. 9j. 2^% Natimial War Bonds (1945-7) 

5,094 £5,000 2j^% National War Bonds (1946-8) ... . ... ... ... 

I £1,60(1 3% Savings Bonds (1965-75 @4011 1,628 0 0 

£1,100 3% Savings Bonds (1966-75) series “ B @ lOOf 1,108 5 0 

£1 1,607 2s. 8d. 3% Savings Bonds (1965-75) senes “ B ” @ lOO^ ... 11,694 3 9 

253.316 18 2 


249,628 


SPK(’TAL SHOW RESERVE FUND INVESTMENT : 

5.176 £5,150 2^% National War Romls (1962-54) (a) lOO^^ ... 

£2, .500 National War Bonds (1954-56) f«; 99^ ... 

6.176 


... .5,175 15 0 

... 2,487 10 0 


7.663 5 0 


1 44 FURNITURE, FITTINGS, FIXITHIKS, Etc. {less Depiociation) ... 129 16 3 

1,.50(» PICTURES (£.500) and BOOKS (£1,000) 1,600 0 0 

777 POHTK.MT OF H.M. KING GEORGE VI 777 10 0 

1,001 SHOW 3TANT (/«.## Depreciation) 900 16 3 

TIMBER, IRONMONGERY AND MISCELLANEOUS MATERIALS 
6,303 Depreciation) .. ... ... ... ... ... ... 4,201 17 10 

2,789 EXPENDITURE ON SHOW AT LINCOLN 2,789 12 1 

1,507 SUNDRY DEBTORS 788 12 11 

57 ; RATES PAID TN ADVANCE 52 5 10 

472 I TNC^OME TAX RECOVERABLE 491 3 8 

: AMOUNT RECEIVABLE IN RESPECT OF SALES OF 2^% 

NATIONAL WAR BONDS 11.607 2 8 

“ ELEMENTS OF AGRICULTURE Stock in hand (at cost) ... 1,079 2 1 


Cash at Bankers and in hundf 31a< December, 1944 : — 
858 j Jteserve Fmid Account 
3,842 Current Account 

92 Petty Cash at Bank and in Hand 

4,792 

574 ,Show Aooount 

5,366 


T. B. TURNER, 

Beeretary. £285,298 2 9 

of the Society, we nmort to the Members of the Society that in our opinion, the Statement truly sets forth the cash trans- 
Booember, 1945. Vve have satii^iod oursalvi^t that the Society's Investments wert* at the close of the year duly insoribeil in , 
then in the possesftion of t^ Society's Bankers. 

PRICE, WATERHOUSE & CO.. 

Chartered Accountants, 
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Bopal ^sttcultural ^octetp of Cnslanb. 

STATEMPLXTS RELATING TO FUNDS HELD BY THE SOCIETY IN TRUST OR WHICH 
ARE NOT CONSIDERED AVAILABLE FOR GENERAL PURPOSES. 

RECEIPl'S AND PAYMENTS ACT'OUNTS for HMo. 


To Intert‘st 


E. H. Hills’ Bkqi:k.st. 

HE( KM»TS. I PW.MKNTS. 

£ .s*. iL I i s (/. 

-40 10 j By (Irants to ( 'nnihn<liro rT«iv<'r''it_\ .. 240 10 lO 


Qvees VirTORiA Gifts Fi ni>. 

To Cash at Bank, January 1. 1-140 ... 1107 10 1 > By ('anh at Bank. l)o(-cinbor 31 , 104.7 

,, Interest and Income Tax refunded 1.71 3 0 \ 

£.710 2 I i 


.710 2 I 

£.710 2 1 


(tILBEY Ffni). 

To Interest and Income Tax rofun< led £13 14 4 j By (irants to (’ninbndj^c Unix ursity £43 M 4 


“Merchants of the Staple of Encjland “ ,Funj). 

To rash with Society, January 1, 194.7 SI 3 .7 j By (7»sh with Society, Doceni her 31. 1045, 00 10 5 

,, Interest and Income l’a\ refunded 1.7 10 0 ; 



£0« 10 .7 

i 

1 

£90 19 7 

CAPITAL STATEMENTS AT DECEMBER SI.st, 1945. 



E. H. Hills’ Bequest. 



£ s. (t. 


£ ». d. 

To amount bequeathed for Pot -culture 


j By £8,018 fU. (\d. 3% Hedornptum 


Flxpenmenis ... 

0.000 0 u 

Stock (1980-00) at cost 

7,300 10 4 

Lefts : Depreciation on and cost 


{Markei Valne^ December 31, 


of conversion of Consols 

3,717 2 « 

1945, at 102— £8,178 13s. lOd.) 



.7,2S2 17 (1 



To surplus on sale of Stocks 

2,017 12 10 




£7,300 10 4 


£7,300 10 4 



STATEMENTS RELATING TO FUNDS HELD IN TliUHT (ccmtinued). 
CAPITAL STATEMENTS AT DECEMBER 31st., 1945, 
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Qvkks Victoria Gifts Fcnd. 



£ 

V. 



£ 


d. 

?o Fund originally invested (the in- 



! 

! 

By Investments in names of Trust ws, 




come from this Fund is used to 



j 

at i*os1 - 




make Annual Orants to unsu<*- 




£1,089 1«. 3d. 3% Saving.s Bonds 




cessfiil applicants for pension 




(1956-66) Senes “ A ” . . 

1,089 

1 

3 

through the Royal Agnculturul 




£2.046 1 l.s. Htl. ('ommonwealth of 




Renevolont Institution) 

.■i.OOD 

0 

9 , 

Australia Kegistered Stock, 




/>c.v.v : Loss on sales of ‘•tocks 

39 

a 

9 

(1964-69) 

2,099 

18 

10 




' 

£1,000 Loudon Midland k Scottish 





t,960 

16 

3 , 

Railway Consolidated 4% (limr- 




1 ndistnbnfod income 

:.19 

2 

1 

anteed Stock 

1,666 

16 

9 





£190 (id. 2^^o Consols .. 

216 

0 

5 






4.960 

16 

3 





By Cash at Bank, Docimiber 31, 1916 

619 

2 

1 


£6,479 

IH 

4 


£6.479 

18 

4 





fTht* market values of the Stocks on 








December 31. 1946, amounted to 








£4,371 IS 9), 






(Hlbev 

Fund. 





£ 

.S. 

d. 


£ 

<S“ 

d. 

'(» Amount provided In the l.itc Sir 




By Investment at cost . 




Walter (j}ilbe\ for en<lo\un('nt < 

>1 



£1,467 6s. 2d. Metropolitan Water 




J^ectureship at Cambraltrc 




Board 3% (A) )Stock ( 19()3-2003) 

1.204 

10 

4 

University 

1,000 

0 

0 

{Market Value.Ueeewher 31. 1946 




,, Aceuinulatiori r>f Interest 

204 

10 

4 

at 9Sj--^£).43:) 7 11). 





£1.204 

10 

4 1 


£l,2tH 

10 

4 


*■ Merchants of the Staple ov Enoi.anl) " Fund. 



£ 

N 

</. 



fo capital sum paid I'V tlie “ Merchants 




lU Inve.'-tnaait at co.st ; — 


of the Stnjde ot Eiiglaral ” 




£626 lbs. ('oinmonvxcalib 

of 

for the pin [lose of providing 




Auhtraliu Kegistered St 

ock 

out of the \ early uicoine Prizes 




(1966-68) 


to ho comjKited for annually 
lu the Wool Sei'tion of the 




,, Cash with Soeictv, DeceinlM*r 

31, 




1946 ... 


Royal Show ... 

600 

0 

0 

[Mtnket Value of Stock, Dcfrudur 

31. 

To bonus on conv’ersioii of original 




1946, at ‘lOO-:;.=£62t) ll (»). 


Stock 

22 

12 



undistrihiifed incojiK' 

96 

19 





£619 

12 

2 




L .s‘. (1. 

12 1 ) 

il() U) T) 


£619 12 2 


Having examined the foregoing Statements of Trust Funds with the books and voiieliers of the Soeietj% we 
report to tlie Members of the Society that in our opinion the Statements truly set forth the transactions relating to 
these Funds during the year 1946 and the state of the P'unds at the close of the year. We have satisfied 
ourselves that the Investments sot forth were duly inscribed at the close of the year m the names of the Trustees 
or, wliere the stocks are registered, that the certificates of title were in the poesession of the Society’s bnnlcers. 

PRICE, WATERHOUSE & CO., 

3, Frederick’s Place, Chartered AccounhnUs, 

Old Jewry, London, PhC.2. Ac^ountanti^ aftd A ud dors. 

15th February^ 1910. 
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o » » 




Kxamjned, audited and found correct, 

3. Frederick's Place, PRICE, WATERHOUSE <fe CO., 

Old Jewry, Jjondon, E.C.-. (.Tiartered Aecoiuitante, 

I5tk February, 19i$, Accountants and Auditors. 
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mgrlcttltural ^ocietp of €nglanb. 

RESEARCH COftLMITTEE. 

RECEIPTS AND PAYMENTS FOR YEAIt 1945. 


KKCKirrs. 

To Grant froni ( »onoml Aci'onni 


iL s. d. • 

liHO <♦ {) j 

I 


Payments. 

£ .s. d, 

Bv Giunt to Kotlianistt'd Kx}K*rimen- 
tal Station lor Expenniont.^^’ 

Cuke Feedinj^i: on (irasslaufl . l’oH 0 0 

,, Grant to Norfolk A^nciilt ural 
Station for Experiment^ re <lis- 
})Osal of B(H't To])h and Straw* lMIK t) 0 

,, Farmer a Umde to Jffnrultara/ 
lU'mireh ni H)44 - 

Honoraria to Contributors ISO P 0 


£«.*10 0 0 


£ 6 ;iP P 0 


Exainmfxi, audiUHl and found rorreot, 

PRICE. WATERHOUSE & CO., 

11, Kredora’k’s I’lace, Chartered Aecouiitant.s, 

Old Jewry, London, K.(^2. Accountanta and Auditors. 

15th Febriiart/, 194(i 
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Memlbera of Council. 


Bopal iSgrtcultural ^octeti’ of Cnglanb 

{EHiahhshed May 1838 , as the Knglish AouKui/rcRAT. Society, ami incorporated by 
Royal Charter on March 2 r>//j, 1840 ). 


Patron. 

ms MOST GRACIOUS MAIESTY THE KING. 


Year when 
first elected 
on Council 

1035 
1040 
J 02 1 -20 
1035 
1018 
1021 
1021 
1011-17 
1 020 
1000 
1022 
1014 
1 034 
1 025 


1 022 
1 03S 
1 OOS 
1935 
1013 
1030 
1024 
1020 
1005 
1042 
1028 
1007 


1022 

1931> 

1037 

1045 

1037 

1030 

1030 

1030 

1031 
1030 
1028 


President for 1946. 

VISCOUNT BLEDISLO£» P.C.. G.C.M.G.. K.B.E. 

Trustees. 

H.R.II. The Di ke of Gi.oi'ckster. K.G., York Honfsr St, James s Ralace, S KM. 
Athloxe, Earl of, K.G., Kensington Pahice^ AMI'. 

I ^ Beedt.sloe, Vificouiit, P.G., G.(\M.G., Lydney Park, (Uos, 

I Bujike, Sir Kolano, K.G.V.C)., Melton Mead, Woodbridye, Suffolk, 

I Burbell, Sir Merrik K., Bt . (\B.E., Flooilgates, KV.?^ (rrlnsfead. 

' Couuthope, J..or<l, P.C., M.G., SVhiUgh, Walcronchj Sns,s*\r, 

I ^ TIa.stinos, Lonl, ^lelton tUm stable Park, Not folk, 

\ IIazlerkr!, Lord. Noselvy Hall^ Leicester, 

I Mildmay of EiiKTE, Lord, P.G.. Flete, Jrybfidge, Deeon. 

Powis, Earl of. Pnwis Casile, WehhpooL Slant. 

' Stradhroke, EnrI of. K.iMl.G., ('.V.O., Henham Hall, Warnffttnl, licecles. 

Weioai.e, Lf.-CV)l. Sir Ari hjbaij> G., Bt., K.(‘.M.<L, Englemere , -l^rr>/, Berks 

Vice-Presidents. • 

Beei,, Johx, The Hall, Thirsk, Yorks, 

(’ranworth. Lord, M.(\, Gritndisbaryh Hall, Woodbralye, Saffolk. 

I Derby, Earl of, K.G., Knoirsley, Prescot, Lancashire. 

I Dig BY, Lord, D.S.O., Cernc Abbey, DorchesUr 

! Evens, ,1ohn, Jiurfon, Lincoln, 

Everaix, WiLl.iAM, lierivich Mount, Shrewsbury, 

! Everaro, Sir \V. Livd.say, Ratcliffe Hall, Leicester. 

Bahewooo, Earl of, K.G., Harewood House, Leeds. 

\ Harris, Joseph, Brackenbnrgh Tower, Penrith, (Utmberland. 

! ISIoRFoEK, Duke of, K.G., Arundel Castle, Susse.c. 

I Badxok, Earl oL Longford Castle, Salisbury. 

! Smith, Ereo, TJeben Ha ugh, Woodbndge, Suffolk. 

I 

I Ordinary Members o! the Council. 

I 

Alexander, Hebert, Gileston Manar, St.Atlmn {Glamorgan). 
j Akgeks, Cecil G., Sihson House, W ansford, Peterborough {Westmorland), 
i Batro, Capt. W. J., Ranksborough Hall, Oakham {Rutland). 

I Barclay, Major M. E., Reaches Manor, Rrent Pelham, Runtitigford {Hertfordshire). 
; Belcher, J. Morris, Tibherton Manor, W ellington {Shropshire), 

I Bi:n^'on, Henry A., Englefield House, near Reading {Berkshire). 

1 Blkwii't, Lf.-Col. ( 4 rY, D.S.O., M.C\, Boxied Hall Farms, Colchester {Essex). 

\ Bourne, John, Snowshill Hill, Moretondn- Marsh, {Gloucestershire). 

Bt rrell, Lt.-Col, Walter R., M.B.E., T.D., Knepp Castle, Horsham {Sussex). 

1 C’atoh, Lt.-Col H. J,, M.C., Woodbnstunck Hall, Norwich {Norfolk). 

1 Christy, Capt. JHlTTr,u Llatufoed, Llysurn, Breconshire {S. Wales). 
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Year when 1 
first elected ! 
on Council 
1943 ! 

I93S i 
1921 i 
1942 ' 

1927 ' 

1935 
1931) 


1 929 
1933 
1 92S 
1935 

1922 
1931 
1945 

1941 
1925 
1939 
1945 
1919 

1942 

1 93 1 

1923 

1932 

1944 
1949 

1943 
1927 
1932 
I93S 

1945 
1943 


1 935 

1937 
1927 
1931 
1933 
I93S 
1929 

1 938 
1933 
1933 
1943 
1929 
1938 
193h 


Members of CouiiciL 

Ordinary Members o! the OormcH—iconfimied), 
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1. THE WORLD FOOD SHORTAGE. 

Althoixjh it waH quite cle^ir during the latter jiart of the 1989-45 war that a w’orld shortage 
of meat and dairy products, fats and sugar would be inevitable for some time after the 
cessation of liostilitiea, the vast extent of this shortage, with the additional burden of 
inadequate supjilies of grain for human consunq»tion, was not anticij^ated. An analysis of 
the causes of the pn'aent food jiosition, with a statement by the Government of the steps 
taken to adjust its policy to the needs of this country and of the famine centres of the world, 
has been published in a Whit<5 Paper (Ref. 1). The extremcdy serious state of world food 
Huppli(‘s is due to the entirely inadequate production and rcvserves of grain, jiarticularly 
wheat, j ye and rice, resulting from droughts in the important producing countries, dis- 
location of agricultural economy and world trade, and devastation in the war zones. The 
production of wheat and rye in Europe was practically half in 1945 that of the pre-war 
average, supplies of ric<^ in the important rice producing countries were similarly reduced, 
and thejc was a proportionate decline in the production of meat and other livestock products 
(Ref. 2). 

Thv a<Miumulatc‘d effects of this world- wide food shortage have resulted in a halt being 
called to the changes in agricultural policy of this country announced in the spring of 1945. 
These changes, although emphasising the noijessity of maintaining the countr\ s effort in 
wartime food production, envisaged greater attention being paid to livt'stock products, with 
a consequent reduction in the acreages devoted to cereals, potatoes, sugar beet and vegetables. 
It was proposed to expand the area of temporarj" grass by nearh’ 1,0<X),0(K) acres, to reduce 
the tillage by 650,000 acres, and maintain the acreage of fodder crops at its })reviou8 level. 
In place of these proposals, farmers have been warned that the tillage acreage must be 
restored to the 1945 dimensions, compulsory orders have been served to secure* full acreages 
of beet and potatoes, and it is foreshadowed that the 1946-47 wheat acreage will be increased 
compulsorily to 2,500,000 acres. In addition, the extraction of flour has been increased 
to 86 per cent,, bread has been rationed and concentrates to livestock have been drastically 
out. Thus, the necessity of visualising and comprehending the world food supply as a 
single and gigantic problem affecting the agriculture of every individual nation is seen 
clearly. In particular, this country is peculiarly sensitive to world supplies and demands 
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of primary food products, and the inevitable consequences of the present situation is a 
contin ued concentration on (Tops for direct human consumption and for feeding to milking 
cows. 

In June 1946 the Food and Agriculture Organisation of the United Nations published 
their rej)ort on urgent food problems which had been consideri^d in a special meeting (Ref. 3). 
Among many recommi^ndations, the more important affecting croj> production and 
utilisation were — that each (iountry should consider which of the primary food crops (grain, 
sugar beet, jnilses, oilseeds or potatoes) will produ(?e the maximum amount of food per 
acre for general distribution to consumers : that there should be (»o-operation to ensure 
adequat(‘ supplies of seeds ; that during the presiuit world grain shortage, the grain should 
be listed so as to give the largest proportionate food energy value, and to do this there 
should be the gr(‘.at(‘st pcjssible diversion from livestock to human eonsum})tion. Arising 
from the reciomnumdations, it was advocated that the maximum use snould be madt^ of 
])astiire. hay, straw' and (hher bulky products and w’aste products for livestock ; that daily 
COW'S and draught animals should receive priority in any nec(^ssary feeding of coarse grains; 
that the feeding of grain to otluT classes of stock, eH})e(‘ialIy pigs and jKuiltry, should be 
nnliu^ed to a minimum : and that for the year 1946-7 extraidion rates for wheat and rye 
should not be less than 85 per ecmt., and wheat flour should be supplement(‘d to at least 
5 per (‘ent. by otlu^r grain products, j)otato flour, etc. The matter of the composition of 
the loaf had b(‘en dealt w^ith by a Hpe<*ial (‘ommittee in this (‘ountry (Hef. 4). 

Tlie far-reaching agricultural implications of these ret^oniTnendations need no (‘inphasis 
for the farnuT, although the F.A.O. re(u>gnises that when the more immediate and pn^ssing 
shortages have Ix^en ov(Tcome, a change in policy will b(‘ lu'cessary. It is stressed that 
‘‘ short-term objectives must be achieved with the least possible* j)rejudice to long-term 
policy and gtaieral economic rehabilitation." It is visualised, for examph*, that it is urgent 
that countries should return as soon as ])ossible to more balanced farming with a greator 
varit‘ty of cro})s and that as soon as grain su})] dies are availabh*, special consideration 
should be given to countries wdiic;h have suffered most s(‘verely fron) depletion of their 
stocks and herds. In the meantime, with an e}'e always on tin* transition, agriculture 
must concentrate on the immediate necessity of avoiding fanline and starvation for human 
t)eings. 

2. THE GRASS LEY. 

a. Esiahlishwent . The establishment and maintenaiu^e of leys must continue to be 
one of the most important aspec^ts of crop and animal husbandry in this country if the 
productivity of agriculture is to be maintained at a high level. It is maintained by some 
farmers in arable districts that ley farming will prove to be the only means by which sheep 
can be restored to their pre-w'ar numbers, and the fertility of the land re})leni8hed (Ref. 5). 
It is maintained that some system of combining sheep ranching and corn production will 
extond, and that arable slu^ep -farming in conjunction with ley grazing will prove to bo an 
expanding j)ractice. Similar combinations of intensive arable farming, involving the 
cultivation of cereals, potatoes, sugar beet and forage crops, with specialised leys for 
rotational grazing, will prove necessary for the production of human food and adequate 
stocks of food for the cattle population which ia visualised. 

Jenkin (Ref. 6) has pointed out that the essential differencx? between the new ley farming 
and the old is that, under the new system, the whole object is to improve the sward during 
its life, and not to visualise a steady deterioration until ultimately the plough is taken in. 
Leys managed on this principle not only ensure greater stock -carrying capacity, but when 
ploughed up in first-class condition, are the finest preparation for arable crops and serve 
as the basis for increased crop production. Where leys are of the longer duration type, as 
for example in the western par^ of the country, it is essential to use herbage plant species 
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and strains of the more })ersi8tent type, and tlie character of the seeds employed, with the 
emphasis on leatiness and persistence, is the foundation of the new system of ley farming 
and a pre-requisite for its success. 

It is sometimes assumed that the inclusion of a good strain of wild white clover is the 
most important, or even the only, requirement of a good seeds mixture for a long ley, the 
grass strains being of comparative insignificance provided the wild white clover has received 
attention. Jenkin draws atkmtion to the incorrectness of this attitude, and states that 
wild white clover does not increase the persistency of the grasses, and a high productivity 
long-term sward cannot be successfully maintained if the grass strains are poorly adapted 
to the conditions and form of management. Indeed, it is true to say that the inclusion of 
persistent grass strains is more important than the wild white clover, because the grasses 
must constitute the main feature of the sward, and will give it its chief characteristics, while 
under good conditions and management tlu^re is liable to be considerable natural colonisa- 
tion by wild white clover. Provided the seeds mixture makes it possible to establish and 
maintain a dense and lasting sward, the foundation has been laid for achieving a higher level 
of grassland [)roductivity during the life of the ley, which is an essential requirement of the 
new system of ley farming. 

TJie important practical problems in relation to the establishment and early manage- 
ment of sown pastures in this and other countries are desorib(^d and discussed in a special 
bulletin published by the Imperial Agricultural Bureaux (Ref. 7), and also for conditions in 
Wall's by (Griffith in Ref. 8. From the agriculturist’s ])oint of view, the main considerations 
included in the establishment of a ley are pre-eultivations and soil preparation, manuring, 
sowing, cultivations after sowing, the usi' of a nurse crop and the seeds mixture. Establish- 
ment. may also be said to include the early management of the ley, becausi' no matter how 
skilfully or successfully may the initial preparations and actual sowing be carried out, these 
may be largely nullifi<‘d by mismanagement in the first year. 

The detailed questions of crop husbandry discussed by the various grassland author- 
ities of this country in the references here givi'ii, caniK)t be considered fully, but some of 
tlu* more j)ra(;tical aspects of the j)roblem as they affect general ])r()cedurc can be alluded 
to briefly. In describing the })roblenis of the establishment of thi^ le*v in Britain, William 
Davies (Ref. 7) asserts that intlie higher rainfall areas (wliich for practical purposes may be 
taken as those areas rei^eiving an average rainfall of 30 inches or n»ore) the initial I'stablish- 
TYU'nt of sown grass and clover seeds ‘‘ ])resents little or no difficulty, provided the normal 
tenets of good husbandry axv followed.” In the lower rainfall ])arts of east and south Eng- 
land, although there are greater difficulties, reiicnt research has di'monstrated that seeds 
may be establisiied with eijiual assurance provided certain extra precautions are taken. 

The more or less general a])])lication of the principle that the land must be well pre- 
pared, fully consolidat^ed to plough depth and with a good surface tilth, is now accepted as a 
necessary condition for a good “ take ” of sown seeds. With regard to the more controversial 
matters of the method and de})th of sowing, recent evidence is supplying more exact inform- 
ation on the factors deciding the best proc^edurc'. It appears that the depth at which the 
seeds are sown is one of the most critical considerations, and while in districts characterised 
by an adequate summer rainfall broadcasting and covering to a depth of a quarter to half an 
inch with light harrows is sufficient, in the lower rainfall areas there is considerably less 
risk of a poor “ take ” if a drill is used and the seeds buried to a depth of approximately one 
inch. In high rainfall areas, drilling does not seem to have any advantages over broad- 
e^asting, while under all circumstances drilling has the great disadvantage of leaving bare 
soil between the drills which is subject to weed infestation. This can be overcome to some 
extent by including wild white clover in the mixture, while there are distinct possibilities 
in the use of special seed drills which will sow at narrower spacing. 
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The method of sowing is obviously bound up with the time of sowing, and although the 
spring is for most circumstances the most suitable season, it is usually desirable to sow more 
deeply if this time is chosen, parti(iularly in the drier parts of the country. Early spring 
sowing should, therefore, be the usual (choice, and early autumn or late summer may prove 
virtually as successful. In high rainfall districts the choice^ of sea^son is wider than where 
the rainfall is low, but even under the most favourable climates for herbage plants, latt* 
spring or late autumn sowings are not advisable. It should be remembered, also, that the 
kind of seeds mixture will determine to some extent the liberties that may be taken with 
regard to sowing date. Grasses, particularly the more vigorous species such as rye grasses, 
cocksfoot and timothy, have a wider range of sowing dates than the clovers, which are the 
most liable to fail from late sowing in the autumn, and a useful addition to the knowledge 
of ley establishment would result if a technique could be devised for establishing the 
leguminous portion of the seeds mixture in an established young grass swaia. 

Although for economic reasons and, particularly in the case of short leys composed of 
quickly growing and rapidly establishing grasses and clovers, it has Ix^en the general practice 
to sow such mixtures in this country under a cereal nurse crop, this jiractice is not generally 
advocated by Davies. Tn particular, in the case of long duration grazing leys, the best 
method is to sow without a nurse crop, or to undersow in a cereal or other crop which will be 
grazed as soon as there is available keep on it. Although under some conditions, the nurse 
crop can protect the grass and clover seedlings from being burnt out by hot sun, there is no 
doubt that harm is usually done by the nurse crop unless it is itself grazed while the herbage 
plant seedlings are establishing themselves. 

The decision whether or not to use a nurse cro]), and if a nurse crop is decided upon 
what kind to use, is all-important for the establishment of the ley because it determines the 
management in the seeding year. If a cereal for grain is used as a nurse, there is little to Ui 
done before the crop is harvested, and the young ley is left to fend for itself until the late 
summer or autumn. Jf sown under a silage mixture, there is an opportunity to commence 
suitable ley management considerab]3' earlier to the benefit of the sward. When a nimse crop 
for grazing is used, controlled grazing may commence from three to four weeks after sowing, 
and the land is virtually in use all the time. Under suitable coitditions for sowing without 
a nurse crop, or for using Italian rye grass in this r61e, the ley may be grazed from five to 
twelve weeks after sowing, and the establishment can usually be regarded as the least subject 
to the dangers causing failure. This question of the time between sowing and grazing is 
most important, and it has been found that the best results are obtained when grazing is 
effected at the earliest opportunity, with as many head of stock as is possible to eat off the 
herbage as quickly as can be managed. The action of the grazing animal in (ionsolidating 
the land is more effective than any form of rolling by implements yet tried. 

If the young ley is sown and managed so as to allow controlled grazing in the seeding 
year, it may become virtually fully established before the winter, but care should always be 
taken to leave the sward in good condition for the first overwintering. In the first harvest 
year the usual procedure is to take hay, and while this is allowable in the case of hay leys, 
it should be avoided for all pasture leys, particularly the long term ones. There are no 
exceptions to the rule that long tenn grazing leys should be grazed and rested on a rotational 
and systematic method if the sward is to develop into a persistent and highly productive 
unit. The most suitable method of grazing will depend on the botanical composition of 
the sward, particularly the grass-clover ratio and the dominant grass species, and the 
special purpose for which the ley was sown. 

It is, of course, difficult to lay down hard and fast rules for universal application to the 
most appropriate methods of ley establishment and early management, but the general 
principles are becoming increasingly apparent as research woirk proceeds on these problems. 
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Fertiliser treatment, with the outstanding importance of lime and phosphate for good 
establishment, coupled with the stimulating effect of nitrogen, are of more or less general 
application. In this connection, it has been found in recent years that the placement of the 
fertilisers at sowing is important. Experiments with combine drills suggest that there is 
much to be gained in the initial establishment of the ley by applying fertilisers to the soil 
immediately in contact with the seed, and that in the case of phosphates, there is less 
tendency for them to revert so rapidly in the soil. 

Particular conditions may require special treatment with regard to ley establishment 
and early management, and details of these and of c^ertain technical points may be found in 
Flftfs. 7, 8 and 9 which include conditions in Scotland and Wales as well as in England. 
'Fhe factors affecting long-term productivity on acid iij)land soils are dealt with in I^^f. 9, 
which is particularly interesting in drawing attention to the distinct effect of management 
under different conditions. The striking effect on productivity from liming, manuring, 
cultivating and sowing grass and clover seeds under acid upland conditions, with the 
increased yields of dry matter, protein, lime and phosphate resulting from the addition of 
limestone and phosphatic dressings to seeded areas, are matters of fundamental interest 
and importance to grassland husbandry. In Ref. 17 an account is given of reseeding in 
East Anglia, and it is significant that direct reseeding is advocated in preference to sowing 
under a cover crop. 

The extremely important practi(*al nature of these problems in connection with ley 
establishment may be seen from an analysis of twelve years* records on the effect of the 
nurse crop on farms in Yorkshire (Ref. 18). Failure to obtain a good “ take ** of sown seeds 
was one of the commonest complaints experienced in dealing with cropping and grassland 
problems in this county, and although other causes, such as inadequate fertiliser appli- 
cations, bad dressings and poor cultivations were apparent, the effect of the nurse crop was 
most significant. 

One of the most striking features of tills analysis was that of the total number of eases 
studied of seeds sown with a nurse crop, over 22 per cent, sliowed jioor “ takes,** and .*14 
per cent, were only moderate. The reasons for this unsati.sfactory r(»sult are ascTilxHl to the 
action of the nurse (Toji to a large extent, because 4b ])er cent, of the poor " takes ** 
appeared to be due to competition from the nurse cri^p, and 27 per cent, to lodg(*d cc'real 
cro|)8. This supports the view which is gaining gromid among farmers tliat to ensure success- 
ful establishment of long leys it is worth sacrificing the nurse crop and concentrating on 
obtaining early grazing by sowing the seeds alone, or with Italian ry(^ grass or rape. 

b. Nutritive Value. The results of research work on ley farming in Sweden are of 
direct practical interest to agriculture in this country, because the Swedes are faced with 
very similar problems to ours, and in some aspects of the work they are the leading 
authorities. In a recent ao(^ount of Swedish investigations, the main em]>hasis is 
placed on the amouni and quality of the forage obtained from grassland, and the means by 
which both of these may be improved (Ref. 10), Swedish cattle farming, and dairy industr}’, 
are directly dependent on ley farming, and 42 per cent, of the arable land is used as hay leys, 
although there is in addition an area of natural meadow^ equivalent approximately to 60 
per cent, of the ley acreage. The true economic value of these two main types of grassland 
may be judged from the assessment made of their yields in food units and digestible protein, 
the leys being calculated to give 3,000 million food units a year containing 400,000 tons of 
digestible protein, and the natural meadow land 700 million food units with nearly 60,000 
tons of digestible protein. Before the war Sweden imported 400 million food units as oil 
cakes. 

The tremendous contribution of the leys compared with the other sources of food 
for livestock is clearly shown from these figures, and in particular the relatively high pro- 
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ductivity of ley grassland compared with natural meadows is strikingly demonstrated. 
Acre for acre the ley grassland supplies not only more food units, but also very much more 
digestible protein, and the maintenance of Sweden's position in regard to the counir 3^’8 
milk supply is ascribed to the considerable development of pasture cultivation. Consider- 
able concern is felt, however, b}' Swedish agricultural authorities, concerning the suppl^^ of 
winter fodder of adequate quality to maintain winter mhk production of good vitamin A 
content. The aim is to provide sufficient home-grown winter fodder of such quality as to 
be able to dispense with imported oil cakes. For this purpose, research is being intensified 
on methods of fodder conservation, and in particular methods of making silage are being 
studied. It has been found that A.T.V. silage gives a fodder of sufficient }.)rotein and dry 
matter content to maintain a satisfactory milk ])rodiK*tion, and the carotene content is 
preserved and stored with ver^' small loss. 

The whole problem of the content of “ j)rotective ” nutrient substaua‘s in home-pro- 
duced fodder, particularly of herbage plants, is receiving attention in Sweden. The question 
is important in affecting the health and productive ca})acity of farm livestock, as well as 
having a material inllucnce on the value to human beings of the live-stock products. Al- 
though the carotene eontoit of herbage plants depends on their stagt^ of develof)ment and the 
season of the year, and wh(‘ther consumed as pasture or hay, there is considerable variation 
between different species. In the Swedish (‘X])eriments, white clover showt'd the highest 
carotemi content in both the pasture anti hay stage, being slightly higher than in red clover, 
and distinctly higher than in the* grasses studied. Both Swedish and Danish ex])eriments 
have also demonstrated that grass species show^ differ(*nt carotene content at com])arable 
stages of growth, the Danish wwk ])utting cocksfoot above rye grass, timothy and meadow 
fescue, and the Swedish results j)ointiiig to rye grass being much inferior to smooth stalked 
meadow grass. 

It is possible to conclude from other investigations that as the dry mattei‘ of herbagc‘ 
plants increases, the carotene content decreases. The ])rotein content also follows definite* 
relationship with the stage of de^ elopment, being high with high carott^ne, and low with high 
dry matter. It may be seen from the.se associations how significant for the feeding valiu* 
of herbage fodder is the botanical (composition and stage of development. 1'he }>ro}>ortion 
of leaf to stem, the rate of hard to soft tissue, and the mixture of herbage plants in terms of 
grasses and clovers and the particular s})ecies of each, are basic considcTations in di^tcrmining 
nutritive value. It should be realised also that the taste and aroma of milk, and the co/i- 
sistency of butter, are naturally affected by the grass-clover ratio of the herbage, w'hiJe the 
vitamin D content is higher during the summer grazing than during winter feeding. In 
order to make the utmost use of grassland fodder, therefore, it is necessary not only to 
ensure that the grazing animal is offered the best mixture of herbage plantvS in the most 
nutritious and palatable condition, but also that fodder conservation for winter feeding is 
carried out in the most efficient manner. 

c. Seasonal Growth, Important observations on the seasonal gjowth of pastures are 
also included in Ref. 10. The commonly^ occurring circumstances in pastures are 
that the amount of growth increases from early spring until it reaches a maximum round 
about midsummer, and then there is a marked depression of growd;h which is followed by a 
seciond flush corresponding to the aftermath flush. The problem in many pastures is to 
even out the two peaks of growth and eliminate as far as possible the “ hungry ’’ intervening 
period. The Swedish observations suggest that the water supply in the soil has a marked 
effect on the seasonal growth of pastures, and that when there is a fairly high ground -water 
level, the depression is l(*ss marked and a larger part of the total season’s production is post- 
poned until the height and later part of the summer. Experiments with nitrogenous 
manuring also indi(?at(*d that simUar results could be obtained by suitable applications of 



Orops and Plant Breeding. 


7 


fertiliser at the appropriate time, particularly when growth begins early and total pro- 
duction is therefore comparatively large. On the other hand, the dejwession of growth was 
more marked under some conditions when the pasture had received nitrogenous dressings, 
particularly on nutrient-deficient ]>eat soils. 

Seasonal productivity of pastures is affected very mucli by major climatic factors 
which det(‘rmine tin* rhythm of growth of the grasses. Under conditions when growth 
starts late*, and the smaller period of vegetative growth occurs before midsummer, the 
rnidsunimer de]»ression does not occur, but is rejdaced by a steadily declining rate of groNvtli 
without any second peak. The occurrence, or abs(‘ricc f)f th(* dejiression is tlu^ri probably 
connecti^d witli tin* [>liysiol()gj(;al condition of the plants as related to their stage of dev^elop- 
ment and the grow ing conditions, while the micro-biological status of th(‘ soil may also play 
a })art. Tin* really signifi<;ant praet ical cojishlcration is, however, control of seasonal growth 
of pastures and must- be considered in relation to climate, manuring, management and the 
species of herbage plants in the .svvanl. 

:i. STRAINS OF CLOVER. 

a. Red (‘hva\ A uscdul ac(;ouni and analysis of the behaviour and agricultural 
virUuvs of the dillercnt strains of n^l and white clover is given in Ref. 11. Th(‘ wdde 
adaptabilit y of r(‘<l clover has rt^sultiMl in this l(‘guiinnons iuTbage plant being growm in many 
tein])erat(' (‘onntries of the world, atul there an' available not only strains of different 
nationalities, but also local strains within certain of tlui nationality tv[>es. In addition, 
bred stniins Jiavt' lu'cn devehjped in this and oth(‘r countries, thus adding to the many forms. 
Although during the J93th4r> war then* was a great reduction and restriction in th(' number 
of strains iivailable, it is ]>robabh* that in the future foreign strains wdll agiiin b<‘ on the 
inaiket. Thendort*, owing to the great im])ortanee of r(*d elovcT in mixturi's for short 
l(‘ys, soin(‘ idea of th<‘ relative ^ alu(*. of the more jm]»ortaiit strains is essential for the grower. 

\ ahie of earl> red flowering strains should la* assessed primarily on tludr ])rod activity 
in the first harvest ye^ar, when tho\ are at their best, although if in addition to being up to the 
best standard in tlie first harvest vt*ar, a strain is capable of contributing to the winter keeji 
and tlu' (‘arly si>ring grov^th atid hay crop of the se(*ond harvest year, it is ])articularly 
valuabh'. American Medium from the Northern States is the only foreign strain comparable 
in yield to the native strains of tins country, but it is less valuable bi'cause of its extreme 
hairines.s. Of the other foreign strains, those frtim New Zealand . (janada, S wit/.erlantl, Checho- 
slovakia and Ih'iiniaik an* sufX'rior to strains from most of the other countries, but are 
still not equal to English broad red. which in its various strains shows a wide adaptability 
to this country and is outstanding for its contribution to winter and early spring keep. Tlie 
bred strain S. 151 is slightly later than English broad red, but is capable of persisting more 
satisfactorily into the second harvest year, m also is Vale of Clw'yd, which, however, is 
apprc*ciably later in flow'oriug. 

Tlie most important agri(*ultural character of the late flow(*ring clovers is their per- 
sistency, although the first harvest year yield is of (considerable significance. The north 
European strains are unsuitable for conditions in this country because of their latene.ss in 
spring and short growing season, the latter character' and hairiness being a defect of 
American Mammoth. The htvst foreign late strains, though still inferior to the native 
strains of this country, are the south Swedish and Danish. English late flowering red 
clover exists in a number of local strains, has a wide range of adaptability, and is character- 
ised by greater earliness and less persistence than some of the other native lates. Mont- 
gomery and Cornish Marl are very similar in their main characteristics, and are valued 
chiefly for their persistence and yielding capacity under grazing : their chief disadvantage 
is lateness in spring. The bred strain S. 123 has a similar disadvantage, but it is an im- 
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provement on the other two strains in yield and persistency, and like them can withstand 
severe defoliation resulting from heavy grazing. 

b. White Chver. White Clover exists in several types and many strains, some of which 
are native and others foreign. The major agricultural distinction is that between the 
true wild white strains, and the ordinary, or as they are sometimes called, the “ cultivated,” 
strains. The true wild white strains are indigenous, while the ordinary white are of varying 
origin, some being foreign commercial, others foreign bred, while one only has been bred in 
this country from plants of foreign and native origin. As a matter of general poli(?y, the 
ordinary white strains aio utilised for the shorter leys, and the wild whites for long duration 
leys. 

The common forms of ordinary white clover used in this country are the Dutch whiter, 
New Zealand Mother and New Zealand Permanent Pasture, and the newer- bred strain 
S. 100. A small amount of the Danish Mors/' and Strying/> strains, andth Italian Ladino 
white clover, is also grown. The Dutch White has been used extensively and with con- 
siderable success in various parts of the country, and the stocks are of varying origin, 
the seed being grown in various continental countries, the U.S.A., and the eastern parts of 
England. The tyj^e is suited to the shortest leys in which white clover is used, and in general 
cannot be expected to persist in any great amount for more than a few years. The New 
Zealand certifit^l white clovers are the best of the imported ty])e8, being more vigorous, 
productive and persistent than the Dutch w'hite. New Zealand Certified Mother is larger 
leaved and less persistent, w hile the Permanent Pasture is intermediate between th(^ Mother 
and the English wild white. The bred strain S.lOO has introduced a new standard in white 
clovers. It combines a high productivity in the early years from sowing, being supcTior to 
all other strains in this respect, with an unusually long persistence for a white clover. 
S.lOO has a long growing season, and its introduction to British agriculture with the 
availability of New Zealand Mother as a good substitute, make it in general unnecessary to 
use large amounts of foreign strains in this country. 

The princii)al characteristics of wild white clover, which exists in many strains, arc its 
extreme j)ersistency, its capacity to maintain itself under comparatively })oor conditions, 
and its suitability for close grazing, although it is apt to suffer tOia relatively greater extent 
than white clover from severe defoliation. For the most part, wild white clover shows its 
superiority to ordinary white clover after the fourth or fifth years, and this superiority 
becomes more pronounced as the ley becomes older. The bred strain S. 1 84 is denser and more 
uniform than the unselected strains of wild white clover, and in some trials has consistently 
proved superior to English wild white. It is recommended that S. 184 should replace the 
commercial wild white for long leys, and for relatively short leys on the poort^r soils. On the 
other hand, there is much to be said for blending S.lOO and S,184 or English wild white for 
the establishment of long leys, such a procedure ensuring a better contribution of tlie 
clover in the early years. 

A proper understanding of the principal characteristics of the main tyjjes and strains 
of red and white clover is essential for their intelligent utilisation. It is probable that foreign 
stocks will become available in the not too distant future, and the grower should have a 
clear idea as to what is known of the relative merits of the types and strains of various 
origin. Differences in the price of the seed of some strains is sometimes by no means 
inconsiderable, and while cheapness of seed is often false economy, the grower needs to be 
assured that additional expense is justifiable on his part. 

4. GRASSLAND IMPROVEMENT. 

Some general problems concerned with grassland deterioration and improvement in 
Scotland are discussc^d in Ref. 12, and as these considerations have more than a local appli- 
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cation, they are worth mention here. The maladjustment of grazing, resulting from a type 
of ranching, which in parts has replaced a nicely balanced agricultural system, has led to 
the disappearance of many of the valuable grazing species and the encroachment by inferior 
or worthless plants. The ill-effects of the bad management, and the change in the botanical 
composition of the grassland, are the chief causes of deterioration, and the relegation of much 
farming land to the marginal category. In the course of time the poor condition of much 
of the permanent grassland of the country has come to be regarded as a symptom of old age, 
whereas the true cause is the poor botanical composition resulting from mismanagement. 
Deterioration is not an inevitable accompaniment of ageing in pastures, but rather should it 
be considered that productivity can be stt^adily improved by good management. This, as 
haa bt^m mentioncKl at the beginning of this article, is the object of efficient ley farming. 

It has now been am})ly demonstrated that the poor condition of much of the rough 
grazings is due piimarily to lack of lime and phosphates combined with bad management. 
Similarly it has Ix^eii shown that improvement is dependent on the elimination, as quickly as 
possible, of the inferior plant species and their replacement by valuable species which must 
be maintained in sufficknt amounts. This can he done by ploughing and reseeding in a 
large number of cases, and the degree of improvement will be in proportion to the poorness 
of the grazing when it is taken in hand. Tliere is in Scotland, however, a very much more 
imj)ortant aspect of j)a8ture improvement simply by taking advantage of the large amount 
of useful summer grazing that is available over a considerable acreage. But it is necessary 
to have livestock in sufficient numbers to make full use of the herbage at the right time. 

There are certain types of hill grazings that produce excellent keej) for a short period 
during the summer months, but whicjh are very poor for the rest of the year. These can be 
improved considerably by moving stock on to thehi at the appropriate time, and removing 
the stock when growth finishes. But the limiting factor to this type of improvement is that 
there is usually a lack of winter feed elsewhere on the farm to maintain a sufficient head 
of stock for grazing the larger summer areas. It becomes necessary, therefore, to improve 
by ploughing and reseeding small areas in protected localities to provide sufficient winter 
feed for the animals which will he run on the extensive summer grazings and thereby improve 
their carrying capacity. 

The twx) methods, as applied to hill farming areas, are therefore complementary. The 
improvement under an intensive system of a small suitable area makes it possible to over- 
winter more stock which can then be used to improve the rough grazings by controlled 
summer management. The summer management of the small reseeded area is important, 
because on its condition will depend the possibility of overwintering the sheep that will be 
brought down from rough grazings. It has been found that the use of cattle for controlled 
summer grazing on the reseeded area proves to be a satisfactory method of ensuring a 
pasture in good winter condition for the sheep. These cattle can be grazed on the rough 
grazings from mid- August to mid-May, and used on the improved seeded pastino for the three 
summer months while the sheep are away. 

With regard to seeding out poor land at high elevations in Scotland, it is reported by a 
farmer who has exi}erimented with seeds mixtures that the most satisfactory suppression of 
such weeds as couch, Agrostis and Yorkshire fog is best achieved by a sward dominated hy 
cocksfoot and tall fescue (Ref. 14). Although the mixture was very heavy, being at the rate 
of 56J lb. to the acre and including 8 grasses and 6 clovers, the cocksfoot and tall fescue 
contributed 16 lb. each, and therefore far outweighed any other coristituent . The good results 
of the mixture are explained as due to this fact, and also the relegation of the rye grasses to 
a mere 4 lb. of perennial and 2 lb, of Italian, because it is claimed that these latter grasses 
appear to have no weed suppressing powers. 
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5. CEREALS. 

a. The Use of limriaiure Grain for Seed. Wliile the stage of ri])eiimg or maturation of 
grain at harvesting has a great significance foi the utilisation of the crop from the con- 
sumer’s point of view, different criteria are ne<‘essary when the grain is to be used as seed. 
Barley for malting and brewing, wheat for bread-making or biscuit manufacture, and oats 
for feeding or milling, as veil as ryt‘ for milling or as a liv(‘stoc;k feed, are all subje(‘t to a 
greater or less extent to variation in suitability for their ])arlioular form of utilisation by the 
ripeness and maturity of the grain v ium tiie crop is cut. Most of the (ionsiderat ions involvi^d 
in the criteria of assessing th(‘ (piality of the grain of these* c(*reals for the various nK‘thods of 
utilisation have little a})plication to the ])roblems of producing a saTn])l(' of seed. 

The effect of using seed harv(\sted j)rematiir('ly. or at all events in a condition which 
would be considered as not ri})e when judged on comnuTcaal standards, has been the subjet^t 
of exjjerimentations from time to time, and recent work with wheat, barley and rye luis 
yieldt'd additional information (Kef. 13). Pot culture (‘X])eiiments with these three cereals 
have demonstrated that even witli v(Ty immature grain, successful fulfilment of the jift‘- 
cyele is obtained, and the plants from immature grains hav(* a higluT ndativc* growth rate 
than do jilants from mature grains. This point was also (kuiKnist rated by a small scale 
field trial with w inter rye, and grain haiw ested as (‘arly as 5 days aftei f ert ilisation g(*rminated 
readily and ju’oduced normal ])lants, even though the grain size was only Id ]>er c(Uit. of a 
fully d(‘V(‘lop(M] grain. A (‘omparisoii of the fi(*ld l)ehaviour of seed harv(‘sted 20, 30 and 44 
days aft<T fertilisation, show<Ml good germination and overwintering of iUo immature- 
grain plants, although with close s])Hcing the percentage survival v\as somewhat redu(*ed. 
It was also found that with mexhTate sjiacing tin* yield d(‘(Teaseil with the size* ot grain sown, 
but. as the sowing rate was iiKT<‘ased, tlu* diffcTence betvvrMUi tlu‘ matun; grain and the ot.luT 
grain sizes became srnalhT. Consecpiently, the smalliT the giain the densiT is the rate' of 
sowing ne(*essary to give* conijiarahle yicids from mature grain 

b. Spring Wheal and Barley Tnals. Although autumn sowing of wint(‘r wheat varieti(‘s 
coramoiiiy results in lu‘avi(T yields than from spring wh(*at cultivation, tluTeare conditions, 
particularly under })resent ciriaimstaiices, when th(‘ use* of s]>rin |4 wh(‘ats is desirable if not 
necessary. R<*j)ort.s of trials with sjuing wheats an* not nunu‘rouH, and the aexu^unt given 
in R(*f. 10 of 4 years’ trials in North Wales is cons(jquently of special interest. In this 
(listrict it is usually not jiossible to sow before the* second or third week of April, tlu* rainfall 
is high and the corn is apt to lodge, while tlu* com j»a rati vely short growing season demands 
early ripening varieties. 

The wheat varieties tested wen* Ajiril B(‘arded, Diamond 11, MetfX)r, Fylgia, Atle and 
Extra Kolben JI, the first nam(‘d bf‘ing the old established variety for April sowings and 
acting as the standard or control for the four yt*ars' trials. The results indicate that all the 
new* varieties, except Meteor in one y(*ar, gave slightly higher yk^lds than April Bearded, and 
although the expcTiments did not lend themselves to statistical analysis, the results obtained 
were fairly consistent from year to year. With regard to time of ri}>ening, it was observed 
that Diamond JJ, Fylgia and Meteor were similar to April Bearded, wliile Atle and Extra 
Kolben 11 were lat€*r and arc probably suited better to March sowings in North Wales — as 
they are in other districts. In spite of the fact that the growth was not sufficiently vigorous, 
or the yields sufficiently heavy, to test the standing capacity of these varieties really 
thoroughly, all the new varieties appe^ared to have stronger straw than April Bearded, while 
Atle was markedly superior in this respect. 

The four varieties of s})ring barley tested were Plumage Archer, Abed Konia, Camton 
and Maltster, the first named variety being the control variety used for oomparison. Only 
two years’ trials are recorded ; in the first year Abed Kenia was tried against Plumage- 
Archer, and in the second year all four varieties were included. Abed Kenia proved to be 
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a higher yielder than Plumage-Archer in both years, while it was shorter in the straw and 
ripened earlier. There was a suggestion that Maltster was capable of higher yields than 
Plumage- Archer, while Camton was equal to the latter variety in total grain yield, but had 
a considerably lower amount of tail corn. It should be pointed out, however, that none of 
the varieties tested gives such high quality malting barley as Plumage- Archer, although 
Maltster gives good samples in some districts. Kenia is not popular with maltsters in this 
country, while Camton was not bred as a malting barley and should not be judged on 
cjommercial standards for this purpose. 

6. POTATOES. 

a. The Occurrence of Sports '' in Potato Stocks. The presence of ‘ ^ sports ” or 
variations in potato stoc^ks is undesirable for two reasons: they may adversely affect 
the yield, and they may be responsible for undesirable^ tuber characters. Also, when they 
occur in too high a jiroportion they produce an impure stock which is no longer true to the 
varietal type, and consequently are responsible for reducing the economic value of that 
stock. Tlie only known satisfactory way of eliminating “ sports is by roguing, which to 
be efficient must be (continued throughout the growing season if all undesirable plants are 
to be removed. Hmall nursery stocks can also be grown and kept under careful observation 
to act as a nucleus for building up new^ stocks, but this can only be done if the farm is so 
situated that healthy stocjks can be grown. As a longer term means of attacking the 
jjroblem, there is also the possibility of breeding stable varieties, because it is known that 
there is considerable difference l>etween varieties in the tendency to produce “ sports.’' 

Of the variations that affect yield, the important ones are Bolters, Semi-Bolters, 
Wildings, Feathery Wildings and various other foliag(‘ variations. Bolters and Semi- 
Bolters are most common in early varieties, but occur also in niaincroj>s, and are apt to Im? 
found more frequently in some varieties than others (Ref. 15). Wildings and Feathery 
Wildings are common to all varieties, and are as freejuent in maincrop as early varieties, 
while the various other foliage variations are a heterogeneous group that cannot, be accurately 
classified. Bolters are the only type of variation which appear to affect disease resistance, 
the plant^< showing a greater resistance to Blight, hut this may sim])ly he due to their later 
maturity. 

Very little work has been done on the yielding capacity of tlu\se variations compared 
with that of normal plants lifted at the same time, but some data are given on this important 
point in R(*f. 15. In an exj)eriment to test Bolters and Semi-Bolters lifted at two different 
datc^s — 17th July and 4th Oc tober — it w^as found that both of thc^se variations tended to be 
lower yielding than normal plants at the early lifting, but at the October lifting there was 
little difference. This experiment wdth the variety Arran Pilot is supported by experience 
in the field with early varieties, and although the yield from Bolters and Semi-Bolters may 
bo greater than that from normal plants at maturity in the case of Arran Pilot, the yield of 
early varieties grown for early use may suffer if there is a large number of these two types 
of variations. It has also been demonstrated that the yield from various tyj)es of Wildings 
and from Feathery Wildings in the variety Kerr’s Pink is l>elow that of normal plants, and 
that as yet no type of variation has been found that outyields tlie normal plants of the same 
variety while still retaining the same date of maturity. 

It is important to realise that once variations have appeared in a stock, certain conditions 
and practices tend to restrict their multiplication, while others tend to accelerate it. For 
example, the use of chats as seed increases considerably the number of Wildings, Feathery 
Wildings and other variations characterised by the production of small tubers. Any 
practice which makes recognition and roguing difficult causes an increase in variations, 
as for example, bad earthing up, the use of uneven size of seed, and the spraying of tops to 
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kill before lifting. Conversely, the avoidance of such pra(?tices, rigorous roguing through 
the season, or the growing of carefully controlled nursery sto(*ks all act to prevent or control 
the multiplication of undesirable variations. 

h. Diseased Conditions associated with Mineral Deficiencies, Failure of the potato crop 
associated with diseased conditions of the tops has been found in })arts of Scotland to Ih^ 
due to deficiencies in the minerals calcium, magnesium or nitrogen (Ref. 16), On certain 
very acid soils the haulm grew to only six inches, the older leaves had yellow and brown 
blotches with dead patches, the younger leaves were of a })ale, unhealthy green, and the 
tubers were small and of a low yield. This condition was found to be associated witli a 
marked calcium deficiency in the leaves, j)robabl3’^ also aggravated by a deficiency of 
magnesium, because this element was also lower than in healthy plants. A dressing of 
6 cwt. to the acre of potato manure did not correct the trouble, but where lime, lime and 
dung, or dung alone were applied, there was healthy growth and a fair yiel ' of tubers. 

A second diseased condition was studied in another area where the crop showed pooi* 
growth of the haulm and premature shedding of the leaves in spite of the fact that an 
adequate dressing of potato manure had been given. In the early stages of the condition 
the leaves of the plants show^ed an upward curling, and at a late period the edges and tips of 
the leaves became yellow. These symptoms were followed by extensive development of an 
orange-yellow colour, usually accompanied by brownish-purple areas and dead brown 
patches. At the end of the season these plants showed a (considerable reduction in yield. 
When all the leaves were tested they were found to be very deficient in magnesium, as also 
was the very acid soil in which they were growing. The most effective means of correcting 
this deficiency was found to be by applying lime, j)articularly a dolomite limestone which 
contains magnesium, or by adding dung. Alternatively, a suitable soil dressing of mag- 
nesium salts would serve the purpose. 

Both the conditions just described were associated with extreme soil acidity, and lim(‘ 
and dung are the most effective remedies. A third deficiency, however, although resulting 
in somewhat similar symptoms, showed no such association. In this case the plants were 
stunted, the leaves turned yellow and their edges became brown, while there was a reduced 
j)roduction of tubers. These symptoms were traced to a defi(‘iency of nitrogen, and the 
(umdition showed itself to be preventable by suitable* dressings of nitrogenous fertilisers. 

7. SUGAR BEET. 

a. Virus Yellows. One of the most serious problems of the sugar beet cro]> in this 
country is the control of the disease known as “ YellowH ‘ or Virus Yellows.’' The 
yellowing of the foliage of beet crops is so prevalent and wide8])read that.it has been 
variously attributed to drought, excessive moisture, stony patches in the soil, mineral 
deficiencies, or simply normal ripening, according to the circumstances and the time of the 
year at which the condition is observed. It has now been demonstrated that by far the 
greatest amount of this yellowing is due to a virus infection which is known to be trans- 
mitted by one method only — the feeding on the cro}> of infected aphides, the most int- 
portant of which arc the peach i)otato aphis and the common blackfly or black bean aphis 
(Ref. 20). Tliere does not appear to bo any other means by which healthy plants can become 
infected, and the disease has never been shown to be carried by the seed ; but it is most 
important to realise that mangolds, spinach, spinach beet and some weeds belonging to the 
same botanical family, such as goose foot or fat hen, are also susceptible and can therefore 
act as a source of infection. 

Virus Yellows infects the root crop of sugar beet at different times of the year from 
season to season, and varies in severity from a comparatively mild attack to a serious 
epidemic. This variation in behaviour depends very largely on the behaviour of the 



Cropa and Plant Breeding, 


13 


aphides, in particular wliether they have been able to overwinter successfully, how quickly 
they can build up large populations in the early summer, and how far the weather conditions 
are suitable for their movement in the field. The peach potato aphis is capable of over- 
wintering as an adult and ro}>roducing itself during mild winters, but the blackfly over- 
winters only in the egg stages. As an adult, the peach potato aphis can live during the 
winter on brassica crops, or overwintering seed crops ; in the egg stage the peach potato 
aphis survives on })each trees, and the blackfly on spindle trec^sV These “ winter hosts ” 
are not stisceptible to the virus, and the disease is not carried in the eggs of the aphides, 
so that it is some time before spring-hatched flies are capable of starting infection in the 
root crop. In fact, \i8ually it is too late for the peach potato aphis to infest the root crop 
in this way, and the virus is commonly introduced and spread by the blackfly. The {>each 
]iotato aphis can infect the crop in early June if it has been able to overwinter successfully, 
iait tlu^ infiltration is usually light and the disease does not spread extensively with the 
hlackfly invasion in the latter ])art of July. 

Ajhides are only infective if they have fed on virus infected plants, and as the root 
crop starts off each yt^ar free from the disease, it is of the utmost importance to know the 
]>rincipal sources of infective' plants. Undoubtc'dly one of the* most serious sources of 
infection is the sugar la^et seed croj), or in mangold areas, the mangold seed crop. Steck- 
liiigs grown in areas where aphides are prevalent invariabh' become infected to a greater or 
less degree and the virus overwinters in the young plants. Seed crops, therefore, become a 
potent source of infection, as also do all other overwintering plants such as groundkeepers, 
tops, and liorticultural and garden (jrops like spinach and spinach beet. 

Agriculturally the most important immediate practical means of controlling Vii’iis 
^ ellows are to grow virus free stecklings and to remove all other possible sources of infection 
sucli as groundk(H?p(^rs. If tlie seed crops could be kept free of the disease, one of the great 
dang(*rs to the root crop in tlu* seed-growing areas would be removed, while the yield of seed 
would ))c at the same time iiuireased. The obvious method of growing virus-free stecklings 
is to remove tlie stectkling Ix'/ls t-o areas which are relatively free from aphides as is done in 
the growing of seed ])ot{itoes. There aie certain practical difficulties to this procedure, but 
the method is being tried. Alternatively, steckling beds should be situated as far as 
possible away from root and .s(H*d crops of sugar beet and mangolds, the seed for stecklings 
should not be sown too (tarly in areas wliere the root crop is iufe(;ted in July, the steckling 
IhxIs should have all diseased plants removed, and repeated spraying or fumigation to destroy 
aphides should be }>raetised. All these methods cannot ensure absolutt* fr(*edom of virus 
infection, but they can reduce the amount of disease in the seed crop following. Where 
st/eckling bods are badly infected, they shoidd be jJoughed out and })lants obtained from 
he^ilthier an?as. 

The risk of yellows infe<*tion of the root crop can bt* reduced by avoi<ling areas that are 
close to sugar beet and mangold seed crops. Cultural methods also affect the amount of 
disease in the root crop, but it is difficult to make general re(‘ommendations to cover all 
eircumstancoB. For examjde, although the time of sowing has an important effect on the 
amount of Virus Yellows in the crop, the effect of time of sowing varies with the season 
l»ecause ol the behaviour of the aphide^s. WTien jjeach potato aphis spreads the virus early, 
there is a more serious infection of early sown crops than of late sown ones, but where black 
fly is largely responsible, late sown crops suffer most because young plants are more 
attractive to the flies, as well as being usually more susceptible to infection and more easily 
crippled by the disease than are older ones. These considerations, however, do make it 
possible to state that, in general, early soviing is safer foi most years, because by so doing 
the crop tends to be more lightly infected, and if infection does take place, the proportionate 
loss of the crop is lower. 
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There is a certain amount of evidence to show that the nutrition of the crop can affect 
the amount and severity of the attack. A well-manured crop, which grows rapidly in the 
early part of the season, is probably more resistant to aphis, and perhaps also to virus attack 
than is a pooily manured one, and exi>eriments have shown that agricultural salt and 
nitrogenous feitilisers reduce the number of black fly on the crop. It is, however, true that 
virus infection causes a greater loss of yield on fully manured than immanured crops, while 
the response to fertilisers is less on diseased than healthy crops. Nevertheless, a well-grown 
crop may still yield reasonably well in spite of being infected with Virus Yellows, whereas 
an infected badly grown crop may not be worth harvesting, When conditions have brought 
about an epidemic of the disease, all cro])s appear to become infected regardless of theii 
condition, and the most ini})ortant factor affecting the loss of yield is the earliness of in- 
fection. The magnitude of the losses due to heavy inf ection may be gauged ’ y the fact that 
a crop in which all plants are infected in July may show a reduction of 50 ])er cent, of its 
potential sugar yield, but a similarly high degree* of infection in mid-Se[)tember may cause 
a reduction of only 15 to 20 per cent 

Although cultural conditions of the root and seed cro}) are the only immediate and 
practical means of controlling Virus Yellows, there is hope that a more reliable me^thod may 
eventually be found. The most effective means would obviously be to l)reed strains which 
are tolerant of the disease and thereby escape the serious results of infection. Tests which 
have already been made indicate that all strains in cultivation are of more or less equal 
susceptibility, although small differences have been found. It may b(‘ neces.saryto seek a 
higher degree of tolerance in some related plant, as for example in the wild sea beet which is 
now being studied for this purpose. If such tolerance is found in this material it will be 
necessary to embark on an extensive programme of sugar beet breeding in an endeavour 
to produce commercial strains combining Virus Yellows toleraiuic witli desirable economic 
characters. 

8. 8WEl)EvS. 

a. Strain Trials. The National Institute of Agricmltural Botany has published the 
results of four years’ trials with fifty strains of swedes (Kef. 21). The strains have been 
classified into four groups — Green 8kin, Dark Purple Skin, Light Purple Skin and Bronze 
Skin — which in certain cases correspond to ty}>es possessing particuilar agricultural characters. 
It is stated that, at the present time?, the choice of a type af)poars to be more important as a 
gent^ral rule than the sekKition of a particular strain within that tyj)e, and although the 
grouping actcording to skin colour is convenient, the characters of greatest importanct^ are 
frost resistance and dry matter. Colour and shape only have significance in sjiecial cases, 
as for example, where they affect the market value for human consumption, and of far more 
importance is the tinu* of maturity whicli determines the optimum period of usage. 

The Green Skin strains composed two distinct typt^s — the Wilhelrasburger and 
the Wintergieen, both having small tops and showing resistance to frost, although Wilhelms- 
burger types were somewhat more hardy and less liable to splitting. Green 8kin types were 
found to be high in dry matter content, as also were the Dark Skin Purple types, which were 
superior to the Light Purj)le Skin types in this character as well as in frost resistance. The 
Dark Purple Skin types — characterised by such strains as Bangholm, Champion, Acme and 
Stirling Castle —were more variable in most characters than were the Light Purple Skin 
types which were represented by Majestic, Magnificent, Eclipse and others. 

The last group was the most variable, and although characterised as Bronze Skins, 
showed considerable differences in colour. Some of the strains, like Lord Derby, were as 
frost resistant as the Green Skins, but others, as for example, Jubilee, were very susceptible 
to frost damage. The Bronze Skins, like the Dark and Light Purple Skins, were for the most 
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part characterised by medium size tops and necks, although there were strains in each of 
these groups which showed either large tops or large n<^ckH, two characters which should be 
taken into consideration in choosing a strain of swedes. 

G. D. H. BELL. 
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Bovine 3{astitu. 

1’'hk economic importance of bovine mastitis cannot be overestimated : and because of its 
prevalence much attention is given to the study of its control. During the past ytw many 
references appear in the literature which iiulicate the intensit\' of research and field work 
on the subject. In order to appreciate the difficulties confronting tliose engaged in devising 
methods of control it is necessary to point out that there are several types of bovine mas- 
titis, that different kinds of micro-organisms are associated with the disease, that these 
micro-organisms do not all respond to the action of the agents used in the treatment of the 
diseased udder and that mastitis is easily spread from infected to healthy quarters. 

The relationship of micro-organisms to mastitis is definitely acciepted and althougJi 
further work may show that we do not yet ajipreciate some of the basic or underlying 
considerations which lead to the develoj)ment of the disease, it has been clearly shoA\n that, 
the removal of the associated micro-organisms from the diseased udder and the jirevention 
of further infection by them go a long way to the control of mastitis in a dairy herd. 

Most work has conccTned Htre/plococcus agalaciiae, the micio-organism associated with 
mastitis which gives rise to the greatest amount of the disease in this country ; the work 
has been devoted to the cure of the infected quarters and the previmtion of further infection. 

Treatment of irifected quarters. Attempts have been made to (effect cures of infected 
quarters by the use of a variety of agents : they have been given by various routes, in- 
cluding directly into the quarter through the teat canal, in this country the methods 
used have been largely the administration of agents by mouth or their injection through 
the teat canal. Comparatively good results are obtained by dosing affeittcxl cows wdth the 
drug, sulphanilamide, in sufficiently large amounts at frequent intervals over several days. 
This treatment, whiles restoring the udder secretion to a normal <?ondition, unfortunately 
does not sterilize the quarter : streptococci remain alive in the quarter and cjan give rise 
to further symptoms of mastitis. With the introduction of new agents, especially the 
antibiotic jienicillin, attention has again been given to treatment through the teat canal. 

An interesting Report, has recently been published by the Committee on Animal Health, 
National Research Council, United States of Ameri(;a (Ref. 1) in which are given descriptions 
of the resulis of the uses of the various chemotherapeutic agents. The report says that 
investigators agree that from 50 to 90 per cent, of udder infections with Streptococcus 
agalactiae are curable,’* and gives some particulars of the results of the use of five different 
agents in America. The following is a brief summary of the findings of the committee : — 

1. The intramammary injection of neutral acriflavin (1 in 1,500) has proved to be 
irritant and may cause (ionsiderable damage to the udder tissue : following its injection the 
quarter has to be milked out witliin a short time. Little more than 50 per cent, of cures 
can be expected following three injeptions given from 7 to 14 days apart. 
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2. Silver oxide, 5 pei cent, in mineral oil, injected in 10 c.c. amounts, is also irritant 
it is said to be tlu^ most irritant of all the substances tried : it causes a reduction in milk 

yield which may not recover during the period of lactation. The percentage of cures 
varies from 35 to 80 per cent. 

3. Sulphanilamide suspend(‘d in mineral oil and injected into the udder cures up to 
90 per cent of infected quarters following four injections on successive days. 

4. Tyrothricin and gramicidin (both of which have also been used in this country) 
are irritant : they are useful in dry cows. 

5. Penicillin has been found extremely useful. The following quotation sums up 
the position — “ On the basis of present knowh dge, it appears that under average herd 
conditions the infusion of from 25,000 to 50,000 units of penicillin in water per injected 
(quarter otkk* a day for four consecutive days, is adequate to produce a cure in the majority 
of (iaH(‘K of JStrepotcocevs agalactiae infecjtions.” The Report also says “ Penicillin shows 
greater promise of eff<'Ctiveness against Siaphylococctis aureus of the udder than any ot the 
other theraj)eiitic agents now in use. How^ever, the staphylococci are much more resistant 
to ])enicillin than the streptococci and therefore the dose levels effective against Streptococcus 
agalactiae are not so effective against SiaphyhKioc^us aureus^ 

llie lesults of a comparison of some of these substances on a small scale in this country^ 
have Ix-en report/cd. Edwards and Brownlee (Ref. 2) worked with three substances-— 
tyTothriem, sulphanilamide and pcmicillin : they treated 105 quarters in 41 cows, all in- 
fected with Sfrepokoccus agalactiae, with sulphanilamide. made into an tunulsion with 
lanett(' wax, arachis oil and water and found that, following one course of injections, i.e., 
four daily injections, 78 w'cre cured, while a further 12 were cured after tw^o (jourses. Of the 
15 cjuart(‘rs which failed to respond to this treatment (> were cured when tyrothricin was 
used and 7 yielded to }>enicillm : two resisted all treatments. Tyrothricin was used on 18 
quart-cTs of b c,ow^s as a primary treatment ; 14 were cured. Tw^o e>f the failures resi)onded 
when treated with sulphanilamide ; two resisted all treatments. Twelve quarters of 6 
cows w(Te treated primarily with pemicillin ; 7 responded to two daily injections of 10,000 
unit, 8 and the remaining five were cured when sulphanilamide treatment was given. The 
results of tliis wwk indicate that the various substances used were of value and, that if one 
agent fails, better results may be obtained by furthoi treatment in which one of the others 
is injected. 

With the exception of sulphanilamide and penicillin, othei agents have largely fallen 
into disuse. As penicillin has become more avai]al)le greater use has been made of it in 
treating bovine mastitis : this is especially so in .4meric,a and Canada, and following the 
releiise of 8Uj)plie^8 to the veterinary profession in this countrx', some results are now 
available. 

Tire first reported use of penicillin came from America in 1944 when Kakavas pub- 
lished some results (Ref. 3). Since that time many publications have appeand : references 
to a few of them will indicate the present position. Murphy and Pfau (Ref. 4) carried out 
three experiments in which the sodium salt of penicillin was used. They found that single 
injections, even of quantities up to 2(X),000 units, were ineffective ; but that repeated 
injections gave good results. Their best results foUow^ed the injection of 20, (KK) units at the 
usual milking intervals on five occasions ; all of the 32 quarters so treated were cured. 
They found that “ the effectiveness of the treatment did not appear to be dependant upon 
the lactation period, the week of lactation, the duration of the infection piior to treatment, 
the degree of induration at the time of treatment, or the degree of macroscopic alteration 
in the secretion present at the time of treatment.” They found also that in these dosages 
there was no tissue damage, only slight transitory macroscopic changes in the milk and no 
adverse effect upon the volume of the milk yield, Horwood (Ref. 6) found that repeated 
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intravenous injections of penicillin were ineffective in freeing a quarter from infection ; but 
he showed that from J ,000 to 20,000 units injected by way ot the teat canal gave good 
results in the chronic disease but that in some cows two or even three treatintmts were 
required. He also remiarked on the relative non-irritating nature of penicillin and the very 
small reduction in milk yield during the treatment ot cows even when in full lactation. 
Bryan, Cunkelman, Young and Visger (lief. 6) found penicillin of much value : two cases of 
streptococcal mastitis are recorded vliich tailed to respond to penicillin but which were 
treated by the injection of tyrothrioin into the affected quarters. Hardenbrook and his 
colleagues (Ref. 7) found that 25,000 units of the sodium salt of p<'nicillin ])roved to b(^ 
relatively non -irritant : and only about 1(5 ]>er cent. fail(‘d to respond to three treatments : 
the drop in milk yield during tlie week following treatment was 2.5 p(T ccnit. They found 
that equally good results were obtained regardless of the (condition of the udder or the 
pathological (thanges which had developed \vithin the ud(h‘r : nor was there itiy correlation 
betwet^n the results of treatment and the number of lactations (I to 5) or the stage of 
lactation (1 to 17 months). 

Two references to work in Canada will show th(' position in that country. Schofield 
(Ref. 8) found that the success of penicillin treatnu'iit by the tt\at canal depended largely 
on whether the disease was present in an acute or a chronic; state. He found that in acute 
mastitis, which is often due to infection with Siaphi/hatccvs aureus or (■orynebticterium 
pyogenes only moderate clinical improvement is obtained unless the treatment is com- 
menced immediately after the infection is established : wdtli immediate tr(‘atment, however, 
the results may be highly satisfactory. In the more chronic type of mastitis, due to Strep- 
fococcus agalactlae infection penicillin treatment is satisfactory. Byrne, Pullin and Konsk 
(Ref. 9) report the rt'sults of penicillin treatment of 2(>(> cjiiarters : the infection varied, the 
majority being tliose of Streptococcus agalacfiae. Prom one to six treatments were given 
at four-day intervals : the dose ot ]>enicillin varied from 10,000 to 100,000 units. They 
found that the best rc^sults were obtained in Streptococcus agalactiae infections when 40, (KX) 
imits of penicillin were eni})loyed. In all, 204 of the 2(50 treated quarters re(50vered following 
from one to three treatments and 38 failed to show improvement after six treatments. 

In this country little has, as yet, beem reported on the use of jH;ni(;illin in the treaf-ment 
of mastitis. Inhere has been published a short note w})ich summarizes the work of a grou]> 
of workers vho ])articipated in trials for the Agricultural Rtw^areh ( Council. As this is an 
official statement it is reproduced unaltered (Ref. 10). “A high percrentage ol Stre ptococevs 
agalactiae infections can be sterilized with a minimum amount of udder disturbance by 
injection of penicillin by the teat canal. 


Infections sterilized. 


No. of Doses. 

Ujiitage 

Interval 

(Jows. 

Quarters. 

1. 

100,000 

— 

31/62 (50%) 

81/140 (57-9%) 

2. 

20,000 

24 hrs. 

52/71 (73-2%) 

123/154 (79-9%) 

4. 

20, (KK) 

24 hrs. 

47/65 (72-3%) 

121/150 (m-1%) 

4. 

10,000 

Successive 

Milkings 

53/73 {72-6%) 

125/150 (83-3%) 


It is concluded from the figures that one injection is insufficient, even though the dosage 
be 100,000 units, but that there is no significant difference between the other three methods : 
injection of 20,000 units on two occasioirs at daily intervals, on practical lines is the method 
of choice.” 

Miirj)hy (Ref. 1 1 ) lias reported on his experiences and has come to the conclusion that 
penicillin treatment is the best and most economical in streptococcal oases and in mixed 
streptococcal and staphylococcal cases. He finds that for pure staphylococcal infections 
good results follow the use of staphyloooecal toxoid treatment and that when failures occur 
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j)enicillin will probably be found of value in further treatment. Moon (Hef. 12) obtained 
clinical cures after two injections of 10,000 to 30,000 units of penicillin ; in dry cows in which 
it was not necessary to strip the udder he found that one injection was usually sufficient. 

From all this evidence it is now apparent that to effect a bacteriological and clinical 
cure of bovine mastitis associated with infections of the udder with Streptococcus agalactiae 
penicillin is of much value : and further, if the penicillin treatment fails, good results may 
follow the use of other agents, e.g., sulphanilamide injected into the affected quarters of the 
same cows. 

In the control of bovine mastitis, however, the cure of tlie infected udders is only part 
of the story : i)revent.ion of spread of the infection must be rigorously undertaken. This 
subje ct was dealt with in last year’s Journal. The results of recent w'ork add to our know- 
h^dge of how infection spreads and Ijow', in some measure, it may be curtailed. Thus, we 
hav(* arj interesting re]K)rt from America by S|>encer, MtjOarter and Beach (Ref. 13) in which 
tht* rc*s(^rvoirs of infec^tion of Streptococcus agalactiae are discussed. They failed to find the 
micro-organism on the floor or in the bedding from beneath the infected cow's. It was 
found, however, on the hands of milkers in a hand-milked herd, but could not be recovered 
from the hands of dairy attendants in machine-milked herds. We have evidence from 
work in this (country of the jRU’.sistence of these mi(TO-organisms on th<* hands of milkers : 
this source of inf(‘ction should not be overlooked. 

It would aj)pear, however, that one of the important factors in the development of 
mastitis is injury to the uddeu* and teats. Further information on this subject is supplied 
from America and Canada. Thus Ferguson (Ref. 14) found that the intact skin of the open- 
ing of t he t(»at is an elfeetive barriei to the entrance of bacteria : when it is injured its external 
ex]'osur(* to mastitis organisms readily favours infection. In 317 injured quarters dealt 
witli, in which most of the injuries were duo to teat treads, only 34 or 1 1 per cent, wore free 
from infection and in most of them the teat opening was not involved. Compared with 
uninjured (|uarters it w as found that 89 per c<nt . of infe(;ted quarters were associated with 
injuries while only 1 1 })ei cent . ot 3,5tH) uninjurtRl quarters showed mastitis. Stevenson 
(Ref. 15) working in Cantuia, submits further evidence on the association of mastitis with 
errors in the use of milking machines. He dealt, with a herd of 30-40 milking cow^s in which 
the wastage from mastitis was heavy, despite hygi(‘nic ]>recaiitions and treatment of 
affected quarters. He observed that the mu(50us membrane at the end of the teat opening 
was lightly (‘verted. Although the milking machine appeared to be in order and the 
recommended pressure of 15 inches was recorded by the gauge in use, the actual pressure 
when a new gauge was fitted read 19 inches. When the pressure w'as adjusted a rapid 
improvenu^nt in the incidence^ of mastitis was found. 

On the subject of the pat^ency of the teat to udder infection, Murphy (Ref. 10) after 
carrying out some useful exjjtTiments, came to the conclusion that a “ trend exists towards 
a greater incidence of infection in quarters the teats of wdiich were judged to be patent than 
in those the teats of which were judged to be non-patent.” He estimated patency by 
repeatedly applying sudden side-to-side pressure to the middle of the teat with the thumb 
and forefinger, the teat was always full of milk when the tests were made. It has sometimes 
been thought that the lining membrane of the teat canal, especially regarding its shape and 
form, may have a bearing on the occurrence of mastitis : thus in some cows the lining is in 
folds and there may be small pouches in it. Murphy (Ref. 17), however, has dispelled this 
idea, following his observations carried out both during the life of 205 cows and the post- 
mortem examination of many of them. 

Johne^s Disease in Cattle and SJieep. 

In last year’s Journal reference was made to the survival outside the body of the 
micro-organisms associated with Johne’s dii^ase in cattle. It was shown that they may 
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remain alive for long periods and supj^ort was given in the control of the disease to “ the 
breaking up of manure on infected pasture land, the disposal of manure from standings to 
cultivated land and the drainage or fencing of ponds.’’ The method of control generall}' 
practised has been the adoption of methods of husbandry whereby cattle, especially yoimg 
cattle, have been excluded from exposure to natural infection. Without doubt this method 
has given, and continues to give, good results and the recommendation must still be the 
sheet anchor of the prevention of the disease. We have yet to learn the various factors 
which influence the occurrence of infection in some herds and not others and in some parts 
of the countiy to a greater extent than in others. Such })oint8 as the comjiosition of the 
soil and the relationship of the nutrition of the animal, esjx^ciaUy concerning available 
minerals in the pastures, have still to be studied. 

The subject of immunity to Johne’s disease has been studied in severe* countries and 
there are indications that the immunising of calves against the infection may have a 
definite place in controlling the disease, especially in heavily infected herds. 

Following some observations in France on the protection of cattle against tuberculosis 
by the use of bacilli suspended in paraffin, Vallee and his co-workers (Ref. IS) reported 
good results from the use of a vaccine composed of Johne’s bactilli suspended in ])araffin to 
which some powdered })umice stone was added. They record the results of its use in 3*5, (KM) 
cattle without a single untoward incident : and they re])ort further that it proved (effective 
on 133 heavily infected farms and partially effective on 20 farms. The inotnilation of the 
vaccine is followed by the appearance of a small inflammatory swelling at t/he j)oint of 
inoculation : this swelling is gradually replaced by a small, non-painful, hard nodule which 
persists for a long time. The opinion of the above authors is that the injecjtc'd animal 
remains protected only as long as the nodule })ersi8t8 and that if an animal is already in- 
fected before vaccination is carried out the nodule quickly disappears and tlie animals are 
no longer in an immune state. Aftc^r some years’ ex])erience in France of this method of 
controlling Johne’s disease, Lominet (Ref. J9) wrote “ The method of Vallee and Rinjard 
is, in the opinion of veterinary surgeons and stockbreeders . . . the best method of pro- 
tecting cattle. The safety and efficacy of the method are certain as has been j)roved by 
thousands of successful inoculations.” 

Work has also been done in America and in India with somewhat similar ty])os of vaccine. 
More recently the study of Johne’s disease with special reference to the question of immunity 
has been carried out by Doyle (Ref. 20) from the results of which a field trial of vaccination 
against the disease is now being undertaken in different parts of the country. Doyle first 
examined the question of the possible transmission of the disease by the injection of living 
Johne’s bacilli under the skin. He used 5 calves and 1 1 goats for his preliminary observations. 
The dose he injected was large. Four of the calves were kept under observation for two 
years and eight months after which time they were subjected to post-mortem examination. 
No evidence of disease was found : nor did he find that any of the injected micro-organisms 
had survived at the site of injection although hard nodules had been produced. The dose 
given to goats was relatively larger than that injected into the calves : again, after as long 
as two years and seven months following the inoculation there was no evidence of disease 
in the injected goats, although there remained in the swellings at the site of inoculation 
micro-organisms which had been injected up to 15 months previously. From these results 
Doyle concludes that “ the subcutaneous inoculation of living Johne’s bacilli is a safe 
procedure.” 

Because of the reported successful results of the use of vaccine, especially in France, 
field trials are now l>emg carried out in this country (Ref. 21). They will be continued for a 
number of years and are spread over the whole country. The work is being done only in 
heavily infected herds and vaccination is confined to calves, as soon as possible after birth 
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and not later than one month old. This is because it is believed that natural infection may 
take place early in life and therefore older animals may already be infected before vaccination : 
if such infected animals were vaccinated they might lead to confusion when the final results 
are Ixnng assessed. The present intention is to re-vaccinate at intervals of 12 to 18 months, 
although in the light of further experience the question of re- vaccination wiU probably have 
to be reconsidered. These field trials were initiated by the Agricultural Research Council : 
the Ministry of Agriculture is co-o]3erating in the work. 

Cattle infected with Johnes disease react })ositively when tested with mammalian 
tuberculin, avian tuberculin and with johnin It has always been recognised that such 
animals reacttMl positiv(’>ly to avian tuberculin and to johnin : in fact it was usually con- 
sidered immaterial whether avian tuberculin or johnin was used for testing for the presence 
of Johne’s disease. Mor(' recent work, how^ever, especially with the newer types of tuber- 
culin, show clearly that mammalian tuberculin also gives rise to a reaction in cattle infected 
with Johne’s disease, although the reaction may not b(i so marked as is the case when the 
commonly used avian tubeiculin or johnin is injected. This is not surprising from our pre- 
s(Mit-day knowledge of the overlapping of the antigens which occurs in all the micro- 
organisms of the acid-fast group, to which belong the vaiious types of tubercle bacilli and 
Johne’s bacilli. The subject has betm ably discussed by Green (Ref. 22). It is therefore 
almost impossible to state <lefinitely from the results of tests made in cattle with the different 
types of tulK^rculin and wdth johnin whether the animals are affected with Johne’s disease. 

Johne’s disease or an affection <;losely resembling Johne's disease in cattle is found in 
sheep. The disease has been recognised in this country for some years but more attention"' 
has lK?en given to it witliin recent times. Johnston (Ref. 23) described a condition in sheep 
in 1033 in which h(' found enormous numbers of acid-fast bacilli in the mucous membrane 
of the small intestine. Dunkin and Balfour- Jones (Ref. 24) carried out some work on a 
group of sheej) and succeeded in cultivating the responsible micro-organism from the in- 
fe(rUHi animals : it was only following a very patient study tliat the ba(nlli were encouraged 
to grow under artificial conditions. Still more recent observations indicate that this 
disease is widely spread in the country (Ref. 25). 

During th<^ present- year Michael (Hef. 2b) has published some o})servations he made in 
.\orth Wales. He finds that the disease is more widely spread among lowland and upland 
tloehs than luis hitherto been acce])ted : there was up to 5 per cent, of the shwj) affected in 
some the flocks with which he dealt. The affected sheep show^ a progressive loss of con- 
dition, with or without diarrhoea, with no response to anthelmintic? tn*atment. Ihere is 
of Urn post- mortem -evidena* of general thickening of tlu^ intestines and corrugation (as is 
found in cattle) but these lesions are not found in young she<^p where the disease progresses 
rapidly. Michael found that a definitely positive reaction followwl the use of johnin when 
injected into the caudal fold of the tail and that the sheep in the early clinical stage of the 
disease might show no reaction while the more advanced cases gave a definite res]>onse. 
He concludes, therefore, that to attempt to control the disease by removing redactors to the 
johnin test was impracticable. The disease appears to be subject to seasonal variation and 
its occurrence in a clinical form is probably related to the nutrition of the sheep and their 
infestation with worms. Cobalt deficiency of the diet, corrected by dosing the sheep witli 
small amounts of cobalt sulphur would appear to enable them to overcome the infection to 
such an extent that symptoms do not occur and that the loss of condition is prevented. 

Salmonella Infections in Fowls, 

The Salmonella group of micro-organisms is important in that its members give rise to 
disease in most types of livestock and in human beings : they aie the cause of much of the 
so-called ** food poisoning ” in man. There are many members of the group, some of them 
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being so closely related that it is only by the application of very delicate laboratory tests 
they can be differentiated. For many years two members of the group have caused much 
disease among poultry, viz,, those causing pullorum disease (B.W.D.) and fowl typhoid, 
re8peciivel}\ Within the past few years there is much evidence that other members of the 
group infect poultry and may cause heavy losses especially among young chicks. 

Pullonim disease, caused by Salmonella pullorum, is characterised by the fact that 
“ carrier ” adult fowls transmit the disease through infected eggs. The method of control 
is to find these “ carriers by the application of the blood or agglutination test and to remove 
them from tlie breeding flock. Much })rogres8 has been made in clearing breeding llocks 
in this country. While the disease causes heavy losses among chicks during the lirst few 
weeks after hatching, and infected adult fowls show no disturbance of health, occasionally 
the infection in adult fowls assumes an acute form with a resultant death rate. It may be 
said with every confidence that the methods now being operated are efficicf t in controlling 
pullorum disease and that with their extension, the disease can be eliminated Irom the 
country in time. 

Fowl typhoid, caused by Salmonella gaMinamm, differs from pullorum disease in that it 
affects adult fowls mostly and may cause considerable losses in an infected flock. While 
it appears most commonly in flocks where unhygienic conditions prevail and there is over- 
crow'ding and infrequent cleansing of the houses, outbreaks also occur periodically among 
fowls in well-run poultry plants. Wilson (Itef . 27) lays stress on the effects of overcrowding 
even temporarily and says “ a serious outbreak followed a spell of wintry weather when, 
due to snow, birds were confined to the houses for several clays on end, and in the only 
outbreak in turkeys I have seen the disease originated in a small pen in w'hich broody ** 
turkey hens w^ere isolated and which was overcrowded.'’ No matter what the ])recipitating 
factors may be, however, the disease can only arise from the presence of Salmonella gallin- 
arum : it exists in apparently healthy fowls which can be termed “ carriers.’’ Fortunately 
these “ carriers can usually be diagnosed by the same agglutination tc'st as that used for 
the detection of “ carriers ” of j)ullorum disease : hence in the testing of breeding flocks by 
the agglutinatioji test “ ciarriers ” of both diseases are found and thus the test fuLils a 
double pur])ose. It is of interest to record that although SabmmeJla gallinarimi is found in 
the ovary of naturally infected fowls, there is no evidence of its recovery from eggs laid by 
‘‘ carriers " as is such a constant feature of pullorum disease. 

Two other meunbers of the group have IxHin recognised as the cause of disf^ase in chickens 
and ducklings, viz., Salmonella aertrycke and Salmonella enteritidis. Many workers have 
recorded their findings of these micro-organisms especially in ducklings. Thus, Dalling and 
Warrack (Ref. 2S) recorded losses from both infections and recovered the micro-organisms 
from duck eggs on several occasions : Hole (Ref. 29) described three outbreaks in ducklings : 
Garside and Gordon (Ref. 30) dealt with an extensive outbreak in ducklings and failed to 
find any evidence of transmission through the egg : Wilson (Ref. 31) recorded the results 
of his observations on losses in chicks, due to Salmonella aertrycke. Until 1943 these members 
of the group of Salmonella appeared to be the only ones concerned with disease in poultry : 
but in that year another member was found in infected chicks in this country — Salmonella 
thompson. I’his discovery was reported by Gordon and Buxton (Ref. 32) who state “ during 
the years 1943 and 1944 8. ilmnpson, not hitherto reported in poultry in this country, has 
been isolated on 44 occasions from 31 outbreaks in chicks and two outbreaks in ducklings/’ 
They described two extensive outbreaks, Wilson (Ref. 31) also refers to disease associated 
with S. thompson. 

Since the recognition of disease due to infection with 8, thompson was reported, the 
association of a further nine members of the salmonella gioup with (Bsease in chicks has been 
recorded by Gordon and Buxton (Ref. 33). 
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The presence of many members of the grou]) as casual agents of disease of chicks has 
been recognised for some years : Edwards and Bruner (Red. 34) in 1939 re'ported on 20 
different species and in 1943 (Ref. 35) listed 42 different types as liaving been rtuiovered from 
poultry. Although we have tliis American evidence it is only within very recv^nt times that 
the })resence of these micro-organisms has l>een recognised in poultry in this country. It 
is imf)Ossiblc, without d<^tailed laboratory examination, to dhiguose infections du<^ to these 
micro-organisms, for the H}'m})tr)ms and lesions in affecU‘d chicks are not characteristic of 
any B})ecial infect ion . 

1'h(‘ (piestion naturally arises as to the metliod of introduotion of thes(‘ infections iiilo 
the poultry flo(;ks of this country Wt* ha\e very little evidence^ to <up])orl llieories 
which may bt‘ forme<l. Th(‘ f(»llowiug is a quotation from (lordon and Ruxtoirs jniblication 
{R(*r. 33), “ ft may be that tlie ajipearance of these vStrains in ])oultry in this country during 
reC’^nt vxnits is associated with war-time fc<‘xling, such as oamj) or canteen swill, hous(diolfl 
refuse, and the large-scale movements of populations to rural areas. That infection can 
oc,(tur in this manner has be(‘n am]>ly d(mionst rated in th(‘ case of bacillary white diarrhoea, 
aiul Jt has been shown ex]>(‘rim(mtally that the feeding of incubator refuse*, uncooked swill 
and baker's waste* c vn not only give* rise* to h‘*avy mort ality w lmnfed to chietks, but inav also 
produt^e a high ]M*rcenta.g(* of carriers whem IcmI to aeiult stA)ck ’* It will also be* reme‘mbe*re(l 
that th<*se‘ infections exist enl in poultry in AmeTica before tht\v were demonstrated in this 
etouniry. 

The re* is also e'v idenct* that vermin (rats a-nel miea*) may harbour the.*se inf(*(itions : this 
is to be tak<*n into acejonut in considtiring the Sf^read of infections. 

3ii(*s(* more* re*e(‘ntly introduoe'd Salmone*lla infections cause ]oss(‘s among u>uiig birds : 
they do not seem to attack mature stoejk. Adult birds, howevTr, harbour them, inaiiily in 
the* int(*stine. The* inieno-organisms ean be* rece)yere*d from the iiite'stine* and the* e*xcre*ta. 
SeveTal workers liave* de*monstrated tliis point : for examph*^ (Ubbons and Moores (Rf*f. 36) 
found that (ailtuivs f(*d to adult fowls wejre* excr(‘ted for periods u]) to 3S da\s. They also 
recoy(*red the^ organism from the shells of .sonu^ of tlie e‘ggs laid liy the fowls so ft‘d. They 
differ from Snbmmdla pullontm in that they do not appear to be* jiasseal through tlie egg and 
so s(*t up infen'tion in young chicks. In all probability young chicks are infecteal in the* 
incubators either he*fore or soon after hatching from inft^<;tions wliich art* collee^ted tm the* 
outside of the shells of eggs laid by “ carrier ” fowls. It is im})ortant , th(*ivfor(\ in con- 
side‘riug control measures to regard the incubator as the possible disseminator of infection. 
Fumigation of incubators is simply carried out and provided instructions are adli(*red to there 
is no dange*T attached t o the developing chick embrvo.s ; nor are young chicks iij) to 48 liours 
old hanne^d by the process. A good description of a method, in whiedi formalin and 
potassium permanganate are used, is given in the article by Wilson (Ref. 31). 

Blood or agglutination testing has been studied by various wwkers wutli regard to its 
usefulness in diagnosing “ carriers of the more recently reoogniserl Salmonella infections. 
The conoemsus of opinion seems to be that little value from a control point of view is to be 
deiived from the application of this test ; again, it will be noted that in this respect there is 
a great Uifferenoe from the method of control of pullorum dis<*ase. The control of disease 
due to Salmonella micro-organisms other than those causing pullorum disease and fowl 
typhoid is summed up by Gordon and Buxton (Ref. 33) as follows : — “ Routine blood testing 
of all poultry flocks for the detection of carrier adults docjs not appear to a practical 
proposition, and even in flocks where the strain of salmonella involved has been established 
the agglutination test seems to be of limit^ed value. At present, the control of salmonellosis 
depends on improved hygiene, particularly in hatcheries, on the eradication of vermin, 
on the use of vermin-proof foodstores, and on the adequate cooking of swill foods.’^ 
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Poisoning in Livestock. 

Some further information has appeared on poisoning of livestotjk by various agents. 
Our knowledge on this subject is still somewhat scanty : the attention of readers is therefore 
drawn to some of the reports which have appeared within recent times. 

Lead Poisoning of Cattle. Fenstermacher and his colleagues (Ref. 37) add their experience 
to tliis subject. They find that the symptoms of lead poisoning vary considerably from 
animal to animal and that they are not alw'ays characteristic. For example, the blue line 
on the gums, which is held by some observers to be indicative of lead jKjisoning, is not often 
seen in cattle becauie it occurs only in chronic poisoning. There is usually a sudden onset 
of symptoms, consisting largely of prostration, staggering gait, lx)ring into walls or fences, 
followed by inability to rise, and im})aired vision. There is also gi inding of the teeth, either 
constantly or intermittently. Death often occurs within a few hours of the appc^arance of 
symptoms. Post-mortem examination may show" little of a striking character but when 
present the most prominent finding is an acute inflammation of the stomach and intestines. 
These authors believe that lead poisoning of cattle and especiall}^ of calves occurs more 
frequently than is commonly thought. It has to be pointed out, however, that, in the 
absence of good evidence of the consumj)tion of lead, it is difficult to make a positive 
diagnosis without a chemical examination of organs. The consumption of lead by cattle 
is not always thought of when searching for a cause of ilines.s because the source of the lead 
is not always obvious : cattle, however, seem to have a liking for lead and often find it in 
out-of-the-way places where it is not thought to be present 

Copper Poisoning in Sheep. An account is given by Fincham (Ref. 38) of illness and d(*ath8 
in sheep grazing in an orchard in which various insecticide sprays had been used, including 
copper sulphate and nicotine sulphate, Aft(T three to five days following the spraying 
the sheep were allow^ed into the orchards. Illness was observtd in some of the sheep within 
a week or two and, in all, 12 out of 178 sheep in the orchards died. Some were found dead, 
others showed symj)tomB of inco-ordination of movement and weakness. It was interesting 
to note that 77 of the sheep were bought-in and were in })etter bodily condition than the 
others : none of them died or showed evidence of i>oisoning. Analysis of the livcyrs of two of 
the sheep which died showed amounts of cop^x^r considerably ih excess of those normally 
found in sheep and it is said that “ in spite of the general unreliability of liver analysis to 
confirm copper poisoning the amounts found in these cases were certainly significant.” 
It is thought tliai the better bodily condition of the 77 introduced shoe]) enabled their livers 
to detoxicate the poison better than thos;B of the other, })Oorer, sheep. The weather was 
dry during and after the spraying and there was little growth of grass : it was felt that the 
absence of i)alatable grass to dilute the contaminated grass may explain the })oisoning. 
Spraying had been carried out in much the same way in former years without any evidence 
of sheep being poisoned. 

Salt {Sodium Chloride) Poisoning of Fowls. Salt poisoning of animals, especially fowls and 
pigs, has often been suspected by stock owners : there has bc^n little accurate knowledge on 
the subject. Some careful work has been carried out by Blaxland (Ref. 39) in which he 
used fowls of different ages. He found that adult fowls could withstand large amounts of 
salt mixed in the food for some weeks without death occuixing, although there was marked 
loss in condition r the main symptoms were excessive thirst and a profuse watery diarrhoea. 
A single feed of mash containing as much as 30 per cent, of salt caused only a low mortality 
(probably in those eating the largest quantity of the mash). It was found also that mashes 
containing large quantities of salt were so unpalatable that consumption was reduced and 
when fed over a period caused evidence of malnutrition. In baby chicks, however, the 
picture is quite different : there was, for example, 100 per cent, mortality within five days 
when even 0.9 per cent, salt in solution was given instead of drinking water and the feeding 



Diseases of Animals, 


25 


of maHh with 5 [)er cent, salt caused a heavy mortality within the first week. The post- 
mortem ap])earances of adult fowls following salt poisoning were quite indefinite and did not 
help in making a diagnosis : on the other hand in chicks there were definite and distinctive 
lesions, consisting of a generalised watery condition of the tissues and a congestion of the 
internal organs. 

Field and Rees Evans (Ref. 40) also investigated the subject following losses on a 
poultry farm believe<l to be caust'd by the consumption of salt in the form of residual brine 
which was sprinkled over a small pen and also placed in heaps around the base of fruit trees 
in another jien. S(»veral birds Iwcame ill soon after having access to the salt : they included 
turkeys and otluT varieties of poultry. The badly affected birds Icsb the use of theii legs 
— ^those less severeh' affected could use their legs but only with considerable effort. In all 
oases there was a discharge of fluid from the beak and the affected birds continually opened 
and closed their beaks as if gasping for breath : in some birds the head and neck were drawn 
backwards. No evidence of thirst or diarrhoea was observed. By analysis it was shown 
that about (>0 per cent, of pure sodium chloride had been consumed and this finding, together 
with the history » leaves little doubt that “ the deaths exj^rienoed on this farm were due to 
the toxic effects of the qiiantities ingested.*’ 

Flwrine Poisoning in Sheep. Fluorine is known to be toxic for livestock : poisoning may 
follow the contamination of j)astures and food stuffs with fluorine liberated from various 
8ubstanc(^s during manufacturing processes. There is evidence to this effect in this coimtry 
and from abroad. An inleresting description of the occurrence in a chronic form in sheep 
is given })y Boddio (Ref. 41). It occurred in sheep on three farms near an aluminium 
factory : all the honu'-reared adult sheep, but not the lambs, on the farm nearest the factory 
were affected, while on the farm furthest from the factory where the pastures were some- 
what less heavily contaminated, the incidence of intoxication among the sheep w^as 48 per 
cent. The tewth were largely involved. The incisors showed mottling of the enamel and 
some were dtdormed and brittle and in some sheep, interfered with grazing. The molar 
teeth show(Ml poor wearing ffuality with the result that long ]iointed projections occurred, 
causing ulcerations on the gums. The milk teeth were not affected as they are shed before 
the lambs start grazing. There was also supjmration at the roots of the teeth and an 
inflammation of j)arts of the jaw. These occurrences all interfered with grazing and chewing : 
and resulted in a poor l}odily condition of the ewes because of which lambs were born w^eakly 
and reared badly due to the scarcity of milk produced by the affected ewes. 

Castor Bean Foiserning in Horses, The toxicity of the castor bean is well recognised and 
from time to time reports of its occurrence are recorded. Such poisoning is usually acci- 
dental, being due to the accidental contamination of feeding stuffs with small quantities of 
castor beans. An interesting record of castor bean poisoning in horses was recently pub- 
lished by McCunn (Ref. 42), the source of the beans being the bursting of bags containing 
them in the hold of a grain boat which contained loose grain. The grain was extracted from 
the boat by a suction pump and the spilt beans were accidentally included. As the grain 
was bagged direct from the suction x)ump and tipi)ed straight into the mill and ground, the 
castor beans were not observed. The important symptoms shown by the affected horses 
were profuse sweating and blowing, a rocky gait, some signs of abdominal pain and diarrhoea : 
sometimes the diarrhoea was delayed for some days after consumption of the contaminated 
food- The points that struck the observer most were the unpalatability of castor beans for 
horses, because none of them ate more than a few mouthfuls of the contaminated food : 
the small amount of the bean which can give rise to toxic effects : and the delayed action 
in many of the oases. In all 7 of the 48 horses died : the others graduaDy recovered and 
wore at work again in 14 to 21 days after the appearance of the illness. 
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Brucellosis (Contagious AborCmi), 

The control of brucellosis in this and other countries is now largely centred around 
immunisation for which live, attenuated cultures of the causal micro-organism, Brucella 
abortus, are used. The strain most commonly us(‘d is the American strain J9 : it is being 
widely in this country. Up till vtTy recent times most of the knowhnlge we had on the 
immunising valiu* of this strain was derived Irom th(* results of exj)eriments in AmiTica and 
a few otlur countri(‘s. We have now defuiite inlormation Irom work carried out in this 
country, lor Kdwards and his colleagues have now published the r<H^ojds of the exjXTiments 
j)lannt*.d by 1h(^ Brucellosis (V)mmitte(^ of the Agricultural Res(^ar(di (Council (Kef. 43). 
Fift\ maiden heifers were used in tlie (*x[)eriment : they were all consistently non-reactnrs 
to the agglutination test bcdore tlu; b(‘ginning of tlu^ experiment. They were divided into 
five groujjs of 10, and each grouf> was housed in s(‘parat(^d premises uiuler strict conditions 
of isolation. Each heifer in two of the groups received an injection of stram Jtl va<tcim^ - 
two groups w(‘re unvaccinated and were used as controls to the effect of iJie vaccine- -the 
fifth grou]) r<*ceive(l noitlmr vaceim^ nor the infecting dose of Br. abortus and wen^ ke])t as a 
check (»n the methods of isolation. All fifty animals w(‘ro mated : all hut otu* of the 
vac(!inated heifers })roved in-calf, while thn^e of those which had not re(jeived va(;cin(^ j)rovod 
to be barren. Whtm the majority f>f the heifers wert^ in about the fifth montli of ju'cgnancy 
tlie twenty vaccinated and the twenty' control, unvaeeinaUd animals w(‘re (‘.xposed to 
infection with Br. abortus : ten vaccanated and ten control animals wen^ givc'U a larger dose 
of the infecting cultuit‘ while the other t-en in each gi'oup received a small dose of about 
one-t(‘nth of t.h(* amount given to the others. It will b(‘ remembered that the filth group 
w^as neitluT vaccinated nor infected : this grou]) behayxHl normally in that all the animals 
were proved to l>e tree from infection with bruci‘llosis at the end of thc^ ex])(‘ninent. : hcuice 
it can be concluded that the methods of isolation were Biiffielent to prev(*nt. the spread of 
infection from gi*ou]) to grouj). 

T(‘sts carri(Ml out during th(5 ex})eriment. com]>rised examination of blood samples by 
agglutination, (*xamination of milk and bacteriological examination ol foetal memlu^anes 
and tissues from aborted or dead ealves. Agglutination tests showed that reactions followed 
the injection of the vaccine and that the litres (extent of the agglutinations) gradually fell 
until the animals were ex]) 08 ed to infection when they rose again but to a less degree. In 
the non-vacoinated animals no reactions were found until infection was carried out when 
the litres attained a higluT level than in the vaccinated groups. In the heifers whi(h were 
not rendiTed immiin<‘ by the inject ion of the vaccine, the agglutination tit res behaved much 
as did those in the control animals. 

The following table show^s the results of the expe^riment : — 


Number of milk 


1 

) 

Number of animals 
which dcvelofKKl 
infec’tion 

1 Number of i 
1 living 

calves 

1 

j samj)les with 

1 Br. abortus infection 
during 1 (> wwks after 
calving. 

Vtw-cmated 

1 out of 9 

9 out of 9 i 

0 out of 90 

SuuiU lujfctire Uomi (Vmtrolfl 

9 „ „ 9 

3 „ 9 

70 „ „ 100 

Vacomated 

2 „ „ 10 

8 „ » 9 

i » „ „ 100 

Lurgp. Infective Dose Controls 

10 „ 10 

1 » »10 j 

1 55 ,, ,, 100 


It will be seen from the table that highly satisfactory results were obtained. The 
explanation of the samples of infected milk among the vaccinated animals in the ‘‘ lai^e 
infective dose group ” is that 8 positive samples were obtained in the ten- week period from 
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one cow and one sample from another ; both cows failed to resist the infection (two cows 
out of the 10 became infected). In all cases the micro-organisms recovered corresponded in 
all respects to those used in the infecting doses : there was no evidence of the recovery of the 
vaccinating strain (strain 19). The conclusions are as follow : “ As a result of this experi- 
ment it may be concluded tliat a vaccine prepared from Br. abort7is, Strain 19 confers a 
substantial degree of immunity in cattle against a virulent infection applied 35 weeks after 
vaccination. No evidence of the establishment of a persistent infection from the vaccine 
strain was obtained.” 

Those findings take us a considerable distance in our first-hand knowledge of immuni- 
sing cattle against brucellosis. We have 3'et to ascertain how long the immunity remains 
effective : until we have this information we shall not l>e in a position to make any authori- 
tative statement on the question of the necessity for revacoination or, if it is necessary, 
on the interval between vaccinations. 

Supporting the above results come some practical observations from New Zealand. 
Observations following field trials (Ref. 44) show that in 1943, 18,332 heifer calves in 1,160 
heavily infected herds were vaccinated with vaccine prepared from Bt\ abortus strain 19. 
In that year the incidence of abortion in 11,268 of two-year old un vaccinated, mated heifers 
in thc*se herds was 22.1 ])ei cent. In 1944 the abortion figure from 10,72»5 of these vaccinated 
calves (now mated heifers) was 3.0 per cent. Actually 2 per cent, of these abortions were 
due to Br, abortus infection. The average abortion rate for heifers in New Zealand is 12 
per cent. Figures from the same source are available for 465 heifers in infected herds 
vaccinated in 1042 and bred in 1943 and 1944. In 1943 4.7 per cent, aborted and in 1944 
the abortion figure from aU causes was 1 .4 per cent. 

It is of much interest to farmers in this country to observe that a ]>lan to vaccinato 
calves has been approved by the South Australian Dairymen’s Association. It will be under 
the direction of the Chief lns])ector of the Livestock Division of the Department of Agri- 
culture and officers of that Division will carry out the vaccinations (Ref. 45). 

An interesting ol)servatiou has been recorded by McDiarmid (Ref. 46) on the trans- 
ference of agglutinations for Bi\ abortus from the cow to the calf. He has shown that 
agglutinins cannot be demonstrated in the blood of the calf until it has had colostrum which 
contains these immune bodies. The agglutinins appear in the calf’s blood within one to 
thriH? hours of the ingestion of such colostrum and reach their ma.viraiim within 24 hours. 
The rate at which they disappear depends largely on the extent of the agglutinins in the 
cow’s colostrum : they may persist in the calf for as long as 18 weeks. No evidence was 
found to sliow that the presence of Br. abortus in the milk consumed by calves had an>' 
effect upon the agglutinins in their blood : the presence and persistence of agglutinins in 
the blood of calves de|)end8 largely upon the extent to which they are present in the colo- 
strum and milk fed to them. It is of importance to note that although agglutinins develo}) 
in the blood of calves fed on such colostrum and milk they disappear long before the animals 
are of breeding age. 

Digestive Disorders of Cattle, 

Attention is being directed to the occurrence of forms of digestive disturbances which 
occur in cattle from time to time : the subject is a complex one but one aspect to which more 
consideration is now being given is the occurrence of “ bloat ” or “ hoven,” especially in 
cattle at pasture. Tympany of the rumen is the t^erm usually applied to this condition : 
it may occur in a chronic form when it is often associated with some obstruction at either 
the entrance to or the exit from that organ. Recently Asoott (Ref. 47) described some of 
the causes he had found; all were verified by post-mortem examinations. They w^ere 
tuberculosis of the posterior mediastinal glands, tuberculosis of the oesophagus, carcinoma 
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of the nimen, papilloma of the rumen and the presence of an open safety-pin in the 
reticulum. All these conditions and occurrences interfered with rumination and allowed 
the accumulation of the various gases in the rumen with resulting tympany. 

Gould (Ref. 48) draws attention to the necessity for the careful control of stock in the 
grazing of leys or reseeded pastures. He finds that without reasonable precautions digestive 
disorders may occur and not infrequently affected animals die. The chief disorders he 
finds are tympanitis of the rumen, i.e., “ hoven : impaction of the rumen, with a varying 
degree of tympanitis, for the alleviation of which it may bo necessary to perform the 
major operation of rumenotorny (removal of the contents of the rumen) : “ allergic in- 
digestion for which some })rotein or protein derivatives of the herbage may Ix^ responsible 
and which is associated with tympanitis due “ presumably to the contraction of smooth 
muscle fibre closing the rumen ’’ : urticaria (nettlerash or " blain *’) : entero-toxaemia 
associated with foetid dianhoea and recumbency which occui's more often in cows and 
heifers in the later stages of pregnancy and in freshly calved cows. He finds these con- 
ditions mostly on first year leys and on reseeded pastures but they also occur on established 
second and third year leys. His method of preventing these troubles is by a system of 
management whereby the animals are “ rationed ” i.e., they are turned out to the leys for 
short periods only and are then removed to a bare pasture^ or yard. The cattle are allowed 
access to the pasture for one to 1 ^ hours on each of the first few days and then slightly longer. 
Ho has also found that the feeding of hay or straw prior to turning out the cattle may 1k> of 
value and subsequently to feed straw at pasture. This method proved successful in the 
autumn : he has not tried it on the sj^ring grazing of leys. From the behaviour of the stock 
he came to the conclusion that the above t}q)e8 of ])aHlureB are less ])alatablo than oldei 
swards and are “ deficient in roughage, some unidentified nutritional factor(s) or l)oth.'^ 

Work in America by Cole and Kleiber ( Ref. 49) consisted in the f^stimation of the pressure 
in the rumen in cattle suffering from “ bloat.’' They were able to show that when the 
pressure reached 10 to 1 7.5 m.m. of mercury most animals stopped eating : those which 
continued to eat were most likely to “ bloat ” seriously and in severe cases the pressure rose 
to as much as 63.5 m.m. of mercury. Animals in which such a pressure was maintained 
became progressively more distressed and, in some, death resulted. It was also observed 
that when cows were given hay the night before being turned into pasture bloat ” was 
prevented provided they ate at least 17.7 lb. per head : some animals consumed more 
})asture after being fed hay than did those which did not receive hay. 

A further theory of the causation of “ hoven ” is givtui by Kerr and Lament (Ref. 50). 
From some other work they had done, and in which tympany of the rumen in an acute form 
occurred, they formed the opinion that an aUergic shock occurs which causes a spasm of the 
unstriped muscle of the oesophagal opening into the rumen : this prevents the gas in the 
rumen from being got rid of in the usual way, with the result that it accumulates in the 
rumen and causes acute tympany. 

As our knowledge on the ])hysiology and the biochemical })roce88e8 concerned with 
digestion in ruminants becomes better understood, our knowledge of the causation oi the 
above conditions will increase and i)reventive methods will foIlow\ In the meantime, the 
attention of readers is drawn to the findings of the above W'orkers whoso practical experi- 
ences may be of value in controlling these affections which are so commonly found in some 
districts. 

T. DALUNG. 


Vktkkinaky Labobatobv, 

New Haw, 

WkYBEIDOE, iScBREY. 
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Nkvkk before in living niemory lias the iim;ertainty of Britain's food supplies, derived as 
sucli a large part- of then) is from other countries, been brought home so clearly to our ])t^ople. 
It was a coniinonplact‘ during the long years of jieace and plenty before the lirst world war, 
as also in the pc^riod betw(?ea the two wars, that we were dependent on imports for most of 
our oereeils, and for nearly half of the animal products which we necKled, but there was 
never any (jiu^stion in th<3 minds of most fieople that the n(‘ce8sary supplms would reach us. 
lleo(mtl3’, another great w^ir has ended and the country is at ])eace again, but it has left 
an e()onomi<; dislocation of production aiid distribution so serious that the whole world is 
facing a tood shf)rtag<\ The causes in general arc well known, but the Minister ot Food has 
tak(*n the oceasion “ to set out th(5 facts of the present crisis in the world’s food supplies, to 
show how the crisis dt?veIo]H‘d, and to trac(‘ the 8te])s taken by the (lovernrnent in the face 
of it ” in a White Paper prest^iited to Parliament last April. As regards bread grains, it is 
pointed out tliat notwithstanding a reduction in the aggregate acreages in the four gimt 
exporting countries, the U.8.A., Canada, Argeutiiui, and Australia, of more than one-fifth 
during the war yt^tirs, a succession of good crops in North America resulted in a rapid in- 
crease in stocks of wlieat u]) to the end of 1943. From that time the jiosition deteriorated, 
mainly owing to the greatly inen'ased use of wlieat for animal feeding in the United States, 
and for the f)rcHluction of alcohol for the manufacture of synthetic rubber. Even so, the 
exportable surjilus for 1945/46 wm estimated to be about twice the pre-war average. 

Unfortunately even these supplies fall seriously short of import requirtmients. The 
European nee*d8 at nearly 16 million tons are four times higher than ])re-war rt^quirements, 
while crop failures in other parts of the world, both of wheat and of rice, have added another 
16 million tons to total world import needs. On estimates for the 1945/6 crop, the world 
deficit of wheat is about 8 million tons. 

As to live-stock and livestock jiroducts, production in Britain, and indml in all the 
Eurojiean countries, has suffered a drastic decline through the loss of overseas supplies of 
fodder and the diversion of home produced cereals to din^ct human consumption. Pro- 
duction was stimulated, however, in North America to meet the heavy demands of the Allied 
Services, and there was some expansion in South America, but shortage of shipping pre- 
vented any increase in the Soiitliern Dominions. Supplies of meat in the immediate future 
depend mainly on the size of this year’s grain harvest. 

In the first White Paper, and in another one embod>dng a later review, the whole 
position has been set out, together witli full statistics of production and estimates of demand. 
A third Paper provides the student with statistics relating to the world grain position for 
wheat, barley and rice, both acreage and production, for the years 1938/ 1 945. (Refs. 1,2,3). 
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Much has been expected ol the Food and Agriculture Conference of the Tniti^d Nations, 
which was held at Hot Springs, Virginia, U.8.A. in 1943, to consider how best to secure 
freedom from want in relation to food. The first session of the Food and Agriculture 
Organisation set up by it was held in Quebec in October and November, 1945, under the 
chairmanship of the Director-General, Sir John Boyd Orr. Considerable progress was made 
then and since in formulating a scheme, the basis of which is to treat the feeding of the people 
of the world as one problem which can be solved only by united action for plaiming the 
production and distribution of food. Documents relating to the first session have been 
published (Ref. 4). 

Increasing attention has been given in recent years to the planning of land- use. The 
matter has been forced upon the notice of the soil scientists and administrators by the gi’owing 
evidence of erosion in various parts of the world, not only following the act’ ^e misuse of land 
for cultivation and cropping but also, indirectly, following the denudation of forest cover and 
excessive stocking of natural pastures by native populations. In this country a favourable 
climate and a farming system suited to our conditions evolving through a thousand years 
and more, remove any question of erosion and might seem to have settled, by now, the 
question of optimum land use. We have only to consider, howTver, the drastic changes in 
the ratio of grass land to arable land made necessary by recent national needs, to realise that 
fundamental modifications of present use are i) 08 sible even in a country w hicih has enjoyed 
political stability for so long. In some ol the new^er countries of the world, })articiilarly, 
with very little agricultural tradition, and in some of the older countries affected by ( hanging 
economic and social conditions, the planning of land-use is of first-class iniportance. A 
contiibution to its consideration, based on the grouping and classification of lands 
according to their suitability for producing ])lant8 of economic importance, lias been issued 
by the Imperial Bureau of Soil Science, in which are described the natural indications of 
land quality and the methods of land classification and of estimations of soil })roductivity 
adopted in various countries. (Ref. 5). 

II. FARM MANAGEMENT. 

(а) The Farm Management Survey, 

Reference was made last year in this annual summary to a general Farm Management 
Survey which has been in progress throughout the country during the war years and before, 
covering upwards of 2,000 farms. The work has been carried out locally by the provincial 
Advisory Economists, and the financial results on farms grouped according to types of farm- 
ing and locality have been prepared in summary form by the Agricultural Economics Re- 
search Institute, at Oxford. At the same time, the Advisory Eoonomists themselves have 
made comparative studies of the results of farming in the different districts of their respective 
provinces. The general reports serve to indicate the capitalisation, piofitability and other 
general features of the farming industry of this country, while the more detailed local studies 
are of particular interest and value to farmers within these areas. Most of these reports have 
been treated as confidential during the war years, but this ban on general publication is no 
longer imposed, and they can now be consulted in mimeographed form on application to the 
various centres issuing them. (Refs. 6 to 18). This survey must not be confused with 
the National Farm Survey conducted by the War Agricultural Committees on behalf of the 
Ministry of Agriculture and Fisheries, the results of which are shortly to be published. 

(б) Costs of Produ^ction, 

(i) Crops, From the newly re-constituted Wye College comes a valuable report on the 
costs of arable crops grown on the College farms during the years 1939-44. It is the third of a 
series which give the detailed ansljmis of the costs of production and financial results for the 
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past eighteen years. Notes are given on variations in the weather (rainfall fluctuated from 
18 in. to 32 in.), in the soils and in the cro 2 )ping policy, as aids to the interpretation of results 
in particular years. It is difficult to know how to assess these, however, as guides to future 
management, owing to the high rate of profit on almost everything grown during the war 
years. What can one argue, for example, from operations which resulted in a net profit 
of nearly £21 an acre from the barley crop of 1942-43 ? And even though such a figure 
makes a ])rofit of something less than £5 an acre lor the oat croj)8 of the same years look 
negligible, what farmer would not have been well content with it in the years between 
the two wars ? The utmost care is ne^^ded when trying to interf^ret the costs and returns 
of farming under emergency conditions. This, howevcu*, does not detract from the value 
of this report. (lief. 19). 

I'wo reports on the cost of the oat crop in 1945 are available, both of them local studies, 
the one made in Northumberland and Durliam and the other on farms in tht^ North of Scot- 
land. They contain figures for the costs of 2 )rod action and are available to farmers in the 
regions to which they relate. (Kefs, 20 and 21). 

Another crop of special im]>ortance in »Scotland is the potato, tliough more perhaps in 
the south than in the north. Figures are available for the e>o8t of growing ]>otatoe.s in North- 
east Scotland, where very little ware wa.s jiroduoed, although a few farmers had developed 
the production ol seed jiotatoes. War-time necessities increased the attention given to the 
(jommercial jjroductioii of ware, and led to an investigation of the methods and costs of 
production by the North of 8(‘otland College of Agriculture. Costs ar(» very much as might 
be exjH‘ct(‘d, and when relatofl to yields, do not seem to indicate a great future for market 
production so far north. (Ref. 22), 

Two advisory centres, tlie University of Lee<ls and the Midland Agricultural College, 
made studies of the costs and returns of the sugar beet ero]) of 1945. It is interesting to 
note the similarily of the results from the two places, the average of the Yorkshire farms 
showing a imt cost of £2 10s. 8d. per ton, while that of the Midland farms was £2 8s. Gd. 
{Kefs. 23 and 24). 

1'he stud}' of the flax ero]) by the East of Scotland College at Edinburgh, to whi(?h 
reference was made in this review last year, has been continued, and figures from a total area 
of 830 acres on 71 farms are now available. Flax seems to be grown in Scotland as the first 
(srop after grass, whether old grass pknighed up or rotational grass ; otherwise it re 2 >lact^s part 
of the root-br(*a k after (‘cri'als. All of it was grown under contract, there being few changes 
in that for the 1944 c^rop, though prices were somewhat higher for the top thiee grades and 
lowei for the lx)tt-om grades. This incentive to efficiency by ])rioe discrimination is one to 
be encouraged wherever })roduotion of farm j>roduce on contract is organised. Costs per 
acre show little variation, whatever the ^daoe of the crop in the rotation, but yields, and 
consequently profits, were notably higher where the crops followed rotation grasses or 
roots. (Ref. 25). 

Costs of the i)roduotion of hay come from places so far apart as Durham and Devon. 
The quantity of hay coming on the market is probably very small, and what the farmer 
needs is more information, if it were possible to get it, relating his costs of production to the 
feeding value of his crop. This, of course, would involve an intimate examination of other 
factors besides costs, the compensation of the herbage, the stage of growth at which the crop 
is cut, weather conditions during curing, and so on, all of which have an imjx)rtant influence 
on nutritive values. Hay, unfortunately, is not just hay. (Refs. 26 and 27), 

An advisory report for farmers on the costs of growing farm crops in 1945 in the district 
served by the West of Scotland Agricultural College has recently been issued. It represents 
the first results of work on crop costing presented both in summary form and in detail, to show 
i»otiey costs and man, horse and traotor-hours employed per acre in the work. A common 
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difficulty confronting farm economists is how to make the results of their investigations of 
direct service to individual farmers. In this case, every farmer participating in the investi* 
gation by furnishing records is given a comparative statement showing how his costs compare 
at each stage in the process ol production with those of the others. If his costs should be 
lowest, ho can congratulate himself, but where others are doing better, he is challenged to 
reconsider his own methods. This use of research for advisory pur}x>Hes is not new, but it 
is not so general as it might be, (Ref. 28) 

(ii) Livestock. The cattle rearing industry and meat production in this country have 
experienced chequered fortunes for some time past. At one time Britain’s most important 
livestock industry, it was severely assailed by the increasing quantities and improved quality 
of ohiUed and frozen meat from overseas, and more recently it has lost pride of place within 
our own country to the ever-growing dairying industry. In some parts Britain it is still 
of first class importance, and farm economists have devoted some attention to it. Under 
the somewhat ambiguous title of “ Uses of Bulls in Wales, 1935-31) to 1944-45,” the Depart- 
ment of Agricultural Economics at Aberystwyth has made an intensive study of the tyi)e8 
of sires in use in Wales. The average service life of a bull is only about two and a half years ; 
the county of Carmarthen produces nearly 25 per cent, of the total number ol bulls in Wales ; 
and the Shorthorn still a(‘({ounts lor half of the total number. There ha>s been a notable 
increase, however, in tlie last ten years, of British Friesians. In 1 93(), Shorthorns accounted 
for nearly-two thirds of all the -bulls licensed, and the Friesians three per cent., while in 1945 
the former had dropped to 49 per cent, and the latter had risen to 28 per cent. In the same 
period, the use ol Herefords htui declined from about 20 per cent, to less than half this figure^ 
but Welsh Blacks, though fluctuating from year to year, are maintaining their position 
fairly well. The general inference is that more attention is being paid to dairying types, 
owing to the higlier ])rofitableness of milk production, and to the necessity of intensifying the 
production from small farms, which eould onl^" be achieved by more concentration on 
milk. (Ref. 29). 

The cost ol cattle rearing and feeding has l)een studied at one or two centres. In Devon, 
where dairying has been steadily gaining ground, and markedly so during the war years, 
fewer store cattle are being raised for beef production. The bulk of the cows calve in the 
spring, so that the calves are mainly reared in the summer, and only on comparatively fow 
farms are they kept for feeding. In North Devon, more than 80 per cent, of the home-reared 
stock are sold as stores. Details of the methods pursued in rearing stores, with costs at 
each stage of development, have been published in an interesting report emanating from the 
Department of Economics of Bristol University at Newton Abl)ot, from which it appears 
that Devon farmers must have reasons for producing store cattle other than getting direct 
profits in the process. (Ref. 30). 

The economics of beef production when the store stage is past is the subject of reports 
from the Midland Agricultural College and the Harper Adams Agricultural College. The 
former particularly is a fully documented study, but from neither of them will the feeder of 
high quality English beef derive much encouragement. The outlook for this industry can 
only be regarded as obscure. (Refs. 31 and 32). 

The Midland Agricultural College, too, is responsible for an investigation of the 
economics of arable sheep farming in the East Midlands, dealing not only with costs and 
returns of breeding and feeding, but also with the place of sheep in the farm economy. The 
authors suggest that there is good cause for uneasiness on the outlook for arable sheep flocks. 
On the other hand, the figures they produce suggest the difficulty pf generalisations, and 
that success or failure can depend on factors quite apart from costs and prices. Most 
important of these appears to be the extent of losses from disease, the incidence of which 
varies greatly in different flocks. Uneconomic flock size in relation to the labour involved 
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is another factor, for it may push up labour costs. These varied in this particular investi- 
gation from 98. a head in tlocks of 300 and over, to twice this amount in flocks below 150 
head. A third cause of high costs may be due to folding root crops, and here again the 
small flocks are at a disadvantage because small root areas do not lend themselves to cost 
reduction by mechanisation of manual processes. (Ref. 33). 

The position of the sheep farmers in the hill districts has caused them concern for some 
time past, and the conclusion of a study in the economic organisation of hill sheep farms 
in Wales is that many of them arc too small to produce a turnover big enough for the reason- 
able remuneration of the labour engaged. “ On economic grounds it seems established that 
it is neceissary to increase the size of many of the smaller hill farms, not only of Wales but also 
of Scotland and England,*’ (Ref. 34). 

(Hi) Milk, The study of milk production costs (continues, as being a subject of major 
interest to farmers in nearly every part of the country. The figures are compiled for the 
summer and winter periods recognised in pri(«j-fixing arrangements, and for the farmer and 
for the student alike they are particularly instructive at the present time, when the scarcity 
of the usual feeding-stuffs is driving milk producers more and more to develop their own 
resources. Otherwise the published reports from the various centres follow the usual lines. 
Most of the investigations disclose considerable scope for improve^ment in the average yields 
of herds. A report on 60 herds in Devon and Cornwall, for example, shows an average yield 
of 546 gallons per cow. Another from Yorkshire shows a range from 915 gallons down to 
379. While feeding costs may flucitaatc" more or less directly with milk-yields, many of the 
other items will vary inversely with them. (Refs. 35-39). 

(iv) Jjnbour and Machinery. x4n elaborate analysis of labour costs on Welsh farms in 
re<*(^nt years throws light on the amount of the increase in real costs due to the lise in wage- 
rates. In the year 1939-40, labour pen* 100 acres of crops and grass, including regular 
employees and (jasual and paid family laboxir, w'as £194 ? in the ye.ar 1944-45 this had risen 
to £401, an increase of 107 per cent. This has reference to farm labour in general. The 
siKicial labour problems of the dairy farmer have been the subject of study in the West of 
Scotland, where 186 farms have beem examined. This study is unusual in that it takes the 
form of expiessions of opinion by the farmers concerned, u]3on a set of (juestions put to 
them rt‘lating to labour problems in milk production. The answers are tabulated by 
districts. It w'as no part of the scheme of enquiry to ascertain the employees’ views, but 
the employers’ opinion may throw some light on a very difficult problem. (Refs. 40 and 41). 

The (dfects of the sharp rise in wage rates have hardly been reflected so far 
in farm organisation. As farming departs more and more from the basis of family labour^ 
and approximates ever more closely to conditions in the nation’s other great industrial 
enterprises, so the tendency must be to speed up the mechanisation of the old manual 
processes. Shortage of man power during the war, together with the gr(^at increase in the 
area under cultivation, has done much in this way, and it remains to be seen whethei the 
supply of contract machine-labour made available to farmers in recent years is to be a 
permanent feature of farm organisation in this country, or w^hether there will be a movement 
towards larger individual holdings on which the problems of capitalisation to provide 
mechanised equipment will l>e more easily solved. Whatever the outcome, however, it is 
clear that machinery costs and studies of efficiency in power farming are of first-class 
importance to-day as aids to farm management. 

Tractor costs have been studied particularly at the East of Scotland College of Agri- 
culture, where twenty-five different jobs performed by tractor powder, both wheeled and 
track-laying machines, have been examined. They extend from beltwork and haulage to 
spraying potatoes and ploughing up sugar beet. Generalisations, of couise, for application 
to the country as a whole, are impossible from this one set of figures, but farmers in the area 
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to which they relate may be advised to consider very carefully the report which has been 
issued. (Ref. 42). 

A similar investigation on a smaller scale was the subject of a report from the West of 
Scotland Agricultural College. (Ref. 43). 

Moic than any other machine operated by mechanical power, the combine-harvester 
has established itself. It is barely twenty years since the first harvester-thresher demon- 
stration vas organised in Hampshire, but in eastern Britain to-day the harvest on many 
farms would be impossible without the assistance which it provides. It is not merely a 
question of saving in cost, although this is said to be something like 25s. to 30s. an acre. 
It is a question of getting work done notwithstanding bad weather and the shortage of 
workt^rs. The attention of arable farmers may be commended to a paper and discussions 
on harv(‘sting by combine at a (>op-(b’ying Conference at Birmingham ^ .st year, organised 
by the National Farmers’ Imion (Kef. 44). Scottish farmers interested in the subject 
should read a re])ort. on the work of combine-harvesters in south-east Scotland in 1944, issued 
by the Edinburgh and East of Scotland College of Agriculture. (Ref. 45). 

I'hreshing in the stackyard by the machine is still the most general method, howevcir, 
of dealing w ith the corn crop, and the Farm Economics Branch at Cambridge have done a 
service b>' a survey of the various methods and machines in use at the present time. Costs 
were confined to wheat and barley threshed from the stack, and the records wc^re divided 
into tlnee groups (i) contractor-owned British machines, (i?) farmer-owned J^ritish machine/S, 
(Hi) farmer owned American machines. Readers must be referred to the report for (h^tails, 
but it is somewhat disconcerting to note that threshing costs p(T quarter were sonujthing 
like 40 per cent, low^er on the American machines, due mainly to their smaller d(‘mands upon 
labour. (Ref. 46). 

Another Technical Bulh^tin issued by the National Farmers* Union deals w ith grass-dry- 
ing in 1945, and is a summary of jjroceedings at a Crop-drying Conferencte to which 
reference has already been made. Grass-drying was introduced to farjning with a flourish 
which early experience did not justify, but the product is far too good for the process merely 
to be written off in consecjuence. Progress is steady, if slow, but there is a limit to the 
amount of w ater which one unit of fuel can be made to eva])orate, and tht* })roblem is how 
to get as near to it as possible. (Ref. 47), 

(c) Miscellaneous. 

Cambridge has UH(‘d data su))})lied by the Farm IVlanagement Survey for a comparative 
study of changes in the economic organisation of agriculture during the war years. Com- 
parisons are made of one year with the next, starting with the last pre-war year, and they 
include changes in cropping and stocking and also in the financial results, in the various 
agricultural districts which compose the Cambridge province. (Ref. 48). 

The larger National Farm Survey has been used by workers at Wye college for a 
consideration of the efficiency of farm layout, and of the management of multiple farms. It 
is a commonplace that both farms and fields in most places remain to-day as they were 
laid out for very different farming systems, and often involve a high measure of inconvenience. 
The author of the Wye report is prepared to accept this, on the grounds that it would be 
more useful to bring the equipment of the present holdings up to date than to sf)end time 
on the more difficult task of reassembling them in more convenient units. Similarly, he is 
prepared to justify the management of multiple farms composed of scattered units. He 
thinks that a system by^ which four farms, say, have unified management at the head but 
diversified management on each unit is better than an equivalent acreage in one block and 
with unified control throughout. (Ref. 49). 
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HI. MARKETING AND CO-OPERATION. 

Little work has been published during the past year on marketing of farm pioduoe or 
on oo-oj)eration amongst farmers for its production and sale. The reason is obvious, for the 
farmer has few marketing problems to-day. With regard to wool, however, a Committee 
was set up by the Minister of Agriculture and the Secretary of State for Scotland at the end 
of 1944, to examine j)re-war arrangements for the marketing of wool and the changes intro- 
duced under war-time control. The Committee concluded from their evidence that a wool 
marketing scheme under the Agricultural Marketing Acts was undesirable, and that the 
first need was the constitution of a body, to be called the Joint Wool Council, for promooing 
tetter un(l(Tstan(ling and joint action between users and gi'owers. Oo-o]>eration with 
Dominion and other wool-growers’ associations is contemplated for certain purposes, but 
it is clear that the Committei* have in mind a voluntary organisation dependent for its success 
as much on goodwill tetw(^en all the parties to the wool industry at home and abroiul, as on 
statutory authority. (Ref. bO). 

A Committee set up by the Fabian Colonial Bureau, under the ohahmanship ol terd 
Winster, has reported upon the whole question of co-operation in the Colonies. There is a 
survey of the movement in all the British dt^pendencies, and information ui)on the emphasis 
wliieh the differcmt colonic'S have laid upon the various lines of organisation — credit and 
thrift, markt^ting, consumers’ societies, and organisations for production including co- 
operative fanning. On the whole, it is true to say that ])rogres8 has been made, but as might 
1 ki expected, ic is slow and difficult, and failures hav(‘ t-o b(‘ recorded. The Report concludes 
with recomniendations for (Government action in the future. (Ref. 51). 

IV. LAND TENURE. 

(\>Ionial land jjrobk'ms are furtlier in evidence in an account of the various land tenure 
systems })ublished by th(‘ Agricultural Economist of Kenya Colony. In a small volume he 
has got together much infoimatiou not easily aceessibk^ on different types of tenure, 
tribal, feudal, share tenancy, casl) tenancy, owner-occupation, etc. The dangers of the 
fnndiold system, of sub-division and fragmentation, of farm indebt(*dness amongst native 
races, are discussed, and th(' fruitk'HSiu'Ss, often, of attempts to save th(‘ native from the 
(‘xactions of u.surers of various sorts. The author's Insst hope for the future >voiild .seem to 
lie in inon^ inRTvention by a widl-informed bureaucracy, for uncontrolled individualism in 
a backwwd country n^sults only in the exploitation of the weak (Ref. 52). 

C. S. ORWIN, 
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MILK PRODUCTION. 

One of the most important features of agricultural production (luring the jieriod of the war 
has been the national recognition of the importance of milk as a food, and, as a natural 
sequence, the emphasis on the need for iruTcasing the production of milk to meet the demands 
of the liquid milk market at all seasons of the year. From 1941 onwards milk lias becm 
‘‘ priority jjroduct No. 1 ” on dairy farms. 

The statistics published in the Amiual Re])orts of the work of the Milk Marketing Board, 
which appear in the ‘ Home Farmer ’ of May each year, provide a measure of the inc/rease 
in the number of registerc^d producers selling milk by wholesale and of th(‘ number of littensixl 
producer-retailers in England and Wales. Tlu^se numbers for the years 1939 to 194() are 
summarised below and the (luantity of milk sold off the farm (xich year is also given. 


NUMBERS OF REOISTERED MILK PRODLICEKhi. 


Year 


Inc. or Dec, 


Inc. or Dec. 


Total Milk 

ending 

Whole.sale 

over ! 

Producer 

over i 

Total Kog. 

sold. 

31«t March 

2 »roducers 

previous 

year 

Retailors 

jirevious 

year 

producers 

(Million 

galls.) 

1939 

95,412 i 


61,956 

60,969 


157,368 

1,080 

1940 

97,807 

! -f 2,395 

— 987 

158,776 

1,109 

1941 

109,028 

1 -111,221 

62,756 

4 1787 

171,784 

1,060 

1942 

119,588 

4 10,560 

62,221 

— 535 

181,809 

1,040 

1943 

125,750 

4 6,162 

.58,115 

—4106 

183,865 

j,ni 

1944 

128,429 

I i' 2,679 

55,943 

--2172 

184,372 

1,180 

1945 

131,254 

4- 2,825 

53,480 

—2463 

184,734 

1,188 

1946 

131,047 

— 207 

50,599 

—2881 

181,646 

1,238 

Increase or DevToaso 

4 35,6.35 


—11,357 

+-24,278 

1 158 

ill 7 years 

4 (37.3%) 


-(18.3%) 

+ (14.6%) 


The above table shows the extent of the increase in the number of producers selling 
milk by wholesale and an appreciable reduction in the number of producer retailers. It 
must not be inferred that the increase in the number of wholesale producers means a 
(iorresponding increase in the number of herds of cows. It is well known that this increase 
has arisen mainly by the transference to the liquid milk market of milk from herds where 
formerly cheese and butter were made. 

The increase in the demand for liquid milk has also caused a marked change in the 
utilisation of milk sold off the farm. In 1939 and 1940 some 30 per cent, of the total output 
was manufactured into various products, whereas in 1942 to 1945 only some 10 per cent, 
was used in this w ay. In spite of this change in utilisation, the increase in the liquid demand 
was such that there was insufficient milk available during the winter months and the sale to 
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adultB had to be restricted to enable the priority xequirements of infants, children and 
special classes of the pojmlatioii to be met. In the ‘ Home Farmer ’ of May 1945 figures 
are given for the total sales of milk by registered producers during the summer and winter 
periods and it is interesting to note, that, although the total sales in both periods have arisen 
appreciably, the ratio between summer and winter sales has remained almost constant. 
In the year ending March ill, 1939 out of every 1 ,000 gallons, 451 were produced during the 
winter six months, and in the following six years the winter sales per 1,(K)0 gallons were 
respectively 430, 440, 443, 444, 448, and 450. 

In view of the continuing demand for liquid milk it is of interest to note from the table 
on j). 40, that in 1946 the total number of registered i^roducers decreased slightly. This 
decrease may be more than made up during the current year but it must be realised that a 
numlx^r of factors tend to lessen the enthusiasm of farmers for milk production. These 
include the continuing difficnilty of obtaining sufficient labour on the larger dairy farms, 
the redu<‘tion in the supplies of rationed feeding stuffs (which must almost inevitably cause 
a decreasf^ in output on many farms) and some dissatisfaction regarding the })ri(;e to be 
received for milk. The, full effect of these factors wdll not be kiiowui until the winter of 
1946-47, but it is obvious that if the number of herds devoted to milk production does not 
inereuse, the additional output of liquid milk required to (uiable the rationing of supjdies to 
adults during the winter to be disix'nsed with can only be obtained by achieving higher 
average* yields. In the following pages some of the work in progress in this and other 
countries designed to attain this end will be reviewed. 

MILK ilECOllDING^-NATIONAL MILK RECORDS. 

Th(* syst(;malie re(M)rding of the milk yield of cows under the National Milk Records 
scheme o])(*rated by the Milk Marketing Board continues to increase. When the Board 
took ()V(T the supervision and development of milk recording from the Central Council of 
Milk Recording Societies in January 1943, the number of recorded herds was 4,120. By 
March 1945 the number had risen to 16,700 of which 13,300 had adopted the Senior Scheme 
and 3,400 the Junior Scheme, and by March 1945 the number in both selumies was 19,2(K>. 
The membership of the Junior Scheme has continued to decline, mainly through tlie trails* 
ferenee of ineinlx^rs to the Senior Scheme. This change-over is to be welcomed as it in- 
dioati's that the gr(*akT frequeiK'v of cheek visits, tlie facilities for butter-fat testing and tlie 
availability of certificates of the records of individual cows are increasingly ap])reciated. 
There has also been a marked increase in the number of samples submitted for l)utter-fat 
testing and, fortunately, most of the difficulties encountered during 1943 and 1944 have 
been to a large extent overcome. 

The Animal Report on Milk Recording for the milk-recording year ended 1st October 
1945 (Ref. 1) contains much interesting information on the progress of recording and the 
average milk yields in the different regions in England and Wales, and on thc^ average fields 
of the chief breeds of dairy cattle. In one ta]>le is showm the number of recorded herds and 
cows in (^ach region and in each county, and the percentage which these numbers represent 
of the total number of herds and cows from which milk is sold. For the country as a w hole 
11.1 per cent, of the herds and 17.0 p^ cent, of the cows were recorded during the year, 
but there was a marked variation between regions and counties. Thirs, in the fcJouth- 
Eastem Region, which comprises the coimties of Essex, Herts. Kent, Surrey and East and 
West Sussex, 31.6 per cent, of the herds and 39.8 per cent, of the cows were recorded. The 
best results are found in Surrey where the figures are respectively 40.7 per cent, and 47.8 per 
cent. At the other end of the scale the Far Western Region, comprising Devon and Coraw all, 
and ihi Northern. Region, comprising Lancs. Cheshire, Derby and Staifs.,have less than 7 
per cent, of their herds and less than 10 per cent, of their cows recorded. 
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With regard to milk yields the average yield per cow for the milk recording year ended 
October 1st for 11,458 “full year” herds was 6,923 lb. The regions with the highest 
averagers were the Eastern (comprising Lines., Cambridge, Norfolk and Suffolk) and the 
South Eastern, whilst amongst the counties, Essex led with an average of 7,983 lb. It is 
interesting to note the much greater popularity of recording and the attainment of higher 
average yields in the counties on the eastern side of England, where dairy farming has been 
developed in the course of this century, in contrast to the lesser degree of popularity and 
the lower average yields in those western districts where dairy farming is traditional and the 
soil and climate are considered more favourable for milk production. 

The average yield for the milk recording year of the chief milk producing breeds is also 
given in the report together with some information on the range of fat percentage for the 
different breeds. A summary of the average yields is given in the following table for those 
breeds in alphabetical order which had more than 100 herds recorded together with a 
percentage distribution of percentage of fat. 



Milk Yields 

Fat Por'centages 






Proportions 



No. of 

Avor. 

No. of 





Breed 

Herds 

Yield 

eows 

under 

3.50 and 

4.00 and 

4.50 



lb. 

tested 

3.50 

under 4.00 

under 4. .50 

and over 







0/ 

% 

Ayrshire 

991 

7,015 

12,140 

20''3 

4fl"3 

25 “o 

4.5 

Friesian 

2,184 

8,189 

21,665 

.56.8 

35.9 

6.4 

0.9 

Guernsey 

686 

6,778 

5,842 

1.2 

9 6 

30 8 

58.4 

Jersey 

504 

6,402 

4,030 

0.4 

2.1 

12.9 

84.6 

Red Poll 

266 

6,873 

! 2,063 

1 32 8 

47.5 

17 1 

2.6 

Shorthorn 

4,458 

6,430 

13,040 I 

1 37 6 1 

47.5 

13 0 


South Devon 

165 

5,828 

140 

3.6 

25.7 ^ 

' 40.0 

! 30.7' 

Mixed 

2,009 

6,279 

498 1 

! 

! 31.1 

! 

' 1 

37 . 0 

24.1 

: 7.8 

All Breeds 

11,458 

6,923 

59,832 1 

1 

34.8 ! 

1 

36 7 

15.2 

13.3 


The average yield of 6,923 lb. for 1 1 ,458 herds compares favourably with an average of 
6,82l lb. for 6,974 herds in the preceding year. During the war years no figures were pub- 
lished on the average yield but it is interesting to compare the averages for 1944-45 and 1943- 
44 with those published by the Ministry of Agriculture in the years immediately preceding 
the war. For the two years ending October 1st 1936 and 1937 the average annual yields for 
about 80,000 cows was 7,654 lb. and 7,453 lb. respectively. 

The Milk Marketing Board has announced that, after careful consideration of the 
subject, the calculation of the weight of milk produced by each cow in the milk recording 
year will be discontinued after October let 1946 and individual cow records will be given 
only according to the lactation period yield. This decision implies that averages compar- 
able with those quoted above will not be available after the year ending October let, 1946. 
It is proposed that herd averages will be worked out for all cows which end a lactation period 
within the milk recording year but as these periods may end any time between October and 
September, the herd averages will not be for fixed and uniform periods of time as has been 
the case in the past. The statement of the yield of an individual cow on the basis of lactation 
periods fits in with the natural calving and milking cycles and with Breed Society require- 
ments but it remains to be seen whether herd averages based on lactation yields will provide 
an acceptable means of comparison between herds, districts and breeds. 
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THE STUDY OF MILK RECORDS. 

The Milk Marketing Board has also stated that it is establishing a Bureau of Records 
to provide more information than is at present obtainable on the life-time records of in- 
dividual cows, on cow family records and on records of the progeny of bulls. A service of 
this nature will be a great help and will be much appreciated by herd owners and breed 
societies. In a few other countries some progress has been made in the development of this 
t 3 rpe of work and recently a report (Ref. 2) has been issued by the New Zealand Dairy Board 
describing the methods used and the results obtained to the end of the 1945 season on Sire 
Surveys and on the institution of a Register of Lifetime Merit for pedigree cows. On 
methods it contains much of value to all interested in the full utilisation of milk records for 
the improvement of British dairy stock, but it rightly points out that conditions in New 
Zealand differ appreciably from those in other countries, as milk production is carried on 
under almost ideal conditions, namely, a well distributed rainfall and a mild winter, which 
enables cows to be kept on grass practically the whole year round ; further, milk production 
is concentrated into the most suitable period of the year and is not complicated, as in this 
country, by the need for a high level of production during the winter months to meet the 
demands of the liquid market. 

Progeny Recmding. The New Zealand method of stating sire survey (or progeny test) 
results includes a preliminary statement issued to the owner of the bull when at least 10 of 
his daughters have completed one la<?tation ; an intermediate statement when at least 8 of 
these daughters have completed a further lactation and a final statement when at least 0 of 
the daughters have completed three lactations ; also, all daughters for which records are 
available must be included in all stages of the survey. The lactation yields are the pro- 
duction of milk and butter fat for the first 305 days of the lactation ; corrections for age 
are applied to the lactation yields made when the cow is two years and three years old and 
any obviously subnormal lactations because of sickness, abortion, etc. are excluded. In 
the preliminary and subsequent statements the yields of milk and butter of the dams are 
also given so that the extent to which the daughters are superior or inferior to their dams 
can be noted. 

An interesting and important conclusion has been arrived at from the study of 2,386 
sire surveys. It has been found that only a small percentage of the bulls mated with high- 
producing cows have been able to beget daughters better than their dams, for example, of 
185 bulls mated with cows producing 400 lb. or more butter fat j)er lactation, only 11 (or 6 
per cent.) begot daughters which were superior to their dams. On the other hand, a large 
percentage of the bulls mated with low-producing cows had daughters which were better 
than their dams, for example, of 384 bulls mated with cows producing below 300 lb. butter 
fat per lactation, 263 (or 68 per cent.) begot daughters which were superior to their dams. 
Tliese figures illustrate the great difficulty which confronts owners of high- producing herds 
in finding bulls which will bring about further improvement or even maintain the standard 
already attained. There is no doubt that the same difficulty confronts owners of high- 
producing herds in this country and the New Zealand conclusion that further improvement 
depends on the use of methods of selection which will enable the owners of high-f)roducing 
herds to purchase or breed sires capable of holding these high levels of production is equally 
applicable here. 

The following terse statements in the report also appear worthy of quotation : — 

“ The four qualities necessary for a sound dairy cow are : — Sound butter-fat production 
qualities ; fertility — ability to calve regularly ; resistance to disease — sound con- 
stitution and long working life.*’ 

“ Test your bull. During his lifetime 40 to 50 heifer calves are reared from the average 
bull compared with 2 to 3 calves from the average cow,” 
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'' The next best bull to a proven bull is the son of a proven bull from a line of sound 

female ancestors.” 

Life4ime Production of Cows, In addition to the progeny testing of bulls the New Zealand 
Dairy Board has also instituted a Merit Rc^gister for cows in order to make known those cows 
which have attained a high level of production over a period of years. This register consists 
of two parts — an intermediate merit register and a life-time merit register. To qualify 
for entry in the first a cow must have produced in three successive lactations during a period 
of three successive years a total production of at least 1,200 lb. of butter fat, such total 
quantity to be produced before the animal reaches the age of eiglit years ; further, in each 
of these lactations at least 350 lb. butter fat must have been produced, except in the case 
of a first lactation commencing under the age of 2| years, when the minimum is 300 lb. 
butter fat. The production in each lactation is based on the first 305 days. To qualify for 
entry in the life-time merit register a cow must have a total production Oi. at least 2,500 lb. 
butter fat in not more than eight successive years ; a cow which has produced at least 4,000 
lb. butter fat in a period of not more than ten successive years is credited with an ‘‘ elite ” 
entry in the register. In the report referred to details are given of the production of 1,054 
pedigree cows (of the Ayrshire, Friesian, Jersey and Milking Shorthorn breeds) and ol 692 
grade cows which have qualified for the Life-time Register, and of these 82 an<l 67 respective!} 
have attained the “ elite ” standard. 

The United State Bureau of Dairy Industry also collects and classifies the records of 
cows in the Dairy Herd ]m 2 )rovement Associations now operating in every State. Records 
of the identity of the bulls used and of the ^^roduction of their daughters are forwarded to 
the Bureau, where they are permanently tiled to torm family-tree records ; the production 
records of more than 700,000 cows are now available for study. 

In ordei to obtain progeny records, as soon as the 2 )roduction records of five or more 
daughters of a bull have accumulated in the Bureau's files they are com])ared with the 
records of their dams to get an indication of the value of tlie sire. Each year tlie Bureau 
publishes a list of the sires for Avhich dam-daughter reijords were tabulated during the 
jrreceding year. These lists are most helpful sourc(‘s of inforniation for dairy farnuTs who 
are looking ;for bulls to improve the production of their herds. H is pointed out in a sumniary 
of this work (Ref. 3) that this tabulation and study of jrroved sire records can also assist the 
thousands of herd owners who kee^) no records to obtain better bulls. Most of the State 
Extension Services maintain lists of sons of 2 >roved sires available for sale and many of them 
have schemes for })lacing these sons in farm herds soon after they are born. Further, the 
Bureau of Dairy Industry has demonstrated the beneiits from using bulls which are the sons 
of proved sires by placing these sons on commercial farms. In 15 herds where 3 or more 
young bulls (Holsteins, i.e,, Friesians) bred at one of the Bureau’s experimental stations 
have been used the records obtained show that the original 265 cows in these 15 herds 
averaged 411 lb. butter fat ; that 265 daughters of these bulls averaged 461 lb. ; that 172 
daughters with two top crosses of proved sire’s sons averaged 486 lb. and that 67 daughters 
with three top crosses averaged 541 lb. butter fat. It is claimed that these results provide 
evidence that the 8ui)erior genetic qualities for high production which have been developed 
in the experimental station herd can be introduced into commercial herds with assurance 
that the production level of such herds will be raised if adequate environmental conditions 
are provided. 

BREEDING OF DAIRY CATTLE. 

The need for more milk to meet the consumer demand in this country has led to a wide- 
spread awakening of interest in the improvement of the yields of our herds by better breeding 
methods. While indiscriminate crossing of breeds has been condemned because it can 
only lead to mongrelisation, deliberate crossing with a view to grading-up a herd to another 
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breed type has probably increased and in many herds a definite policy of improvement by 
the use of more carefully selected bulls of the same breed has been adopted. 

The interest shown by the commercial farmer in this subject is also indicated by the 
marked increase in the membership of the various breed societies and by the numerous 
requests from all parts of the country for the establishment of artificial insemination centres. 
With regard to the latter, at the time of writing there are two centres in operation under 
the direct control of the Ministry of Agriculture, at least four centres under local control, 
and four centres under the control and direction of the Milk Marketing Board. All these 
cjentres operate according to the Artificial Insemination (Cattle) (England and Wales) 
Regukitions which came into force on November Ist 1943. (See this Journal, Vol. 105, 
1944, p. 179). The Milk Marketing Board are proceeding with plans for the establishment 
of eleven other centres in different parts of England and Wales. 

The relative value of different methods of mating — in-breeding, line breeding and out- 
crossing— })rovides a topic* for many discussions amongst herd owners, whether their herds 
maintained through the use of a bull chosen by the owner himself or by the insemination 
of the (jows with semen from the l)ulls maintained at an artificial insemination centre. 
Sometimes tlie value of these discaissions is greatly lessened by a lack of clarity as to the 
meaning of the terms used and it may be hel{)fui to give definitions which are widely, if not 
universally, aeccjitcd. 

fn^hreeding. (sometimes called close- breeding) is the mating of closely related animals 
such as sire and daughter, dam and son and full brother and sister. Line-breeding is the 
mating of animals of wid<*r degrees of relationship than those included under in-breeding 
and is generally directed towards keeping the relationshi]) high to some desirable ancestor 
or liiu* of ancc*stors. Out-ewHsing (somt'times called out-breeding) is the mating of animals 
that are members of tlie same breed but which have no near relationship. This latter 
phrase can he taken to m(*an no relationship within the first four to six generations. This 
method of mating may be the regular practi(?e in a herd or may be temporarily adopted in 
an in-br(‘d or line-bred herd to introduce new qualities or additional vigour. 

Ex})erim(*ntal evidence on the results of the different methods of mating in cattle is 
very limited in quantity and is obtained from imports of work done in other countries. A 
dc*Hcription of one such exjjeriment is given in a bulletin issued by the New Jersey Agric- 
(iultural ExjHTiment Station (Kef. 4). In the Holstein-Friesian hcTd maintained at the 
station a programme of in -breeding and out- breeding has been followed for ten years in an 
endeavour to concentrate inherited factors for high butter fat and milk j)roduction. The 
in-breeding consisted of sire-daughter matings, brother-sister matings, matings with less 
than 50 }>er cent, of the same blood and out-breeding. The influence of in- breeding as com- 
pared with out-breeding was studied by means of records of growth, production and the 
health of the animals. 

The results in the first ten years of this experiment have not led to any definite con- 
clusions affecting the prac^tiee of in-breeding in general. In-breeding to a considerable 
degree did not reduce size and in-brexi animals were generally superior to out-bred animals 
in type. No statistical difference in the percentage of fat was found bt^tween the two groups, 
but the out-bred cows showed slightly less total milk and total fat production. The primary 
result of the experiment is stated to be the development of superior in-bred sires ; these 
have demonstrated a marked prepotency for desirable growth, ty})e, butter fat percentage 
and milk production, and it is suggested that this is due to the homozygosity (greater 
genetic purity) obtained by in-breeding. The use of in-bred sires of the best ancestry 
usually leads to consistent transmission of the good qualities of the sire’s family. 

The results of another in-breeding experiment are summarised in the report of the 
United States Bureau of Dairy Industry already referred to (Ref, 3). In this case a care^ 
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fully chosen Holstein-Friesian bull was used in a poor herd of mixed breeding and the 
resulting daughters showed a great improvement over their dams ; the daughters were then 
mated with their own sire and further improvement, but less in degree, resulted. In-breeding 
was continued by the use of in-bred sons and grandsons, etc., of the first sire for some 
thirty years and it was noted that as the intensity of in-breeding increased there was a con- 
stant and unmistakable decrease in the weight of calves at birth, the mortality was greater, 
rate of growth slower, size at maturity declined, vigour was impaired and production 
decreased ; fertility, as measured by the number of services required for conception, was 
also affected adversely but not to a serious extent. When the inbred cows were mated 
with unrelated bulls of the same breed (t.e., when an out-cross was introduced) the offspring 
approached normality in every respect, which indicated that the bad effects of in-brooding 
were almost completely removed by a single out-cross. 

The slow rate of reproduction, the small number at a birth and the value and cost of 
maintenance impose very great difficulties on the carrying out of reliable breeding experi- 
ments with dairy cattle (and other farm live stock). Much experimental work has, however 
been done with small animals, such as rats and guinea pigs, and some general conclusions 
extracted from a most instructive book by Rice (Ref. 5), will shed more light on the probable 
result of methods of mating as practised in stock-breeding. (The phrases in brackets in 
the following quotation are inserted by the reviewer to define the terms used). 

“ In- breeding in itself does not create any new genes (units of inheritance passed from 
parents to offspring), nor for that matter does any system of breeding. All that any system 
can do is to recombine the genes already present into new combinations. With out-breeding 
we tend to keep our live stock heterozygous (impure in respect of many genes and the 
qualities which arise from them). With in-breeding, we make them more homozygous 
(the opposite of heterozygous). If we have a preponderance of good genes and gene com- 
binations in our stock to start with, in-breeding plus selection will increase the good qualities 
we already have. If we have a preponderance of poor genes and gene combinations to 
start with, in-breeding will increase the poor qualities we already have.” (p. 504). 

‘‘ The man with just average live stock should, of course, not practise inbreeding. 
The fact that his stock is average means that it has a goodly 'share of undesirable genes, 
which in-breeding would make homozygous and therefore worse. For average live stock, 
out-crossing would seem to be a better system, for unrelated animals would have less likeli- 
hood of carrying identical poor genes. The man with better than average livestock should 
do some in- breeding. The fact that his f-tock is above the average merit of the breed means 
that a random selected unrelated animal will have a tendency to pull his herd or flock back 
toward the breed average. Since many breeders are still shy of the word in-breeding, we will 
say that the better than average breeder should practise line- breeding, which of course is a 
form of in -breeding, but a term which does not have the same fearsome connotations as in- 
breeding. Every bretnier should try to buy his males in the best available family in his breed. 
In the present state of our knowledge, the genetically best families in any breed are not 
easy to know and one must be wary of advertising and ballyhoo.” Assuming one does 
buy a sire in a really good family, then generally speaking, he should try to stay in that 
family, intensify its good qualities through line-breeding and weed out the poor genes.” 
(p. 512). 

Fertility of Bulls. The ability to get cows in calf has always been an imi)ortant factor in 
herd management and in milk production. It will be obvious that the greater the depend- 
ence on any one bull or group of bulls the more important does the maintenance of a high 
rate of fertility become It follows therefore that with the increase in the number of 
artificial insemination centres and the dependence of an increasing number of herd owners 
oii a supply of fertile semen from these centres, the fertility of the bulls kept becomes a point 
of major importance. 
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The fertility of a bull is usually measured by the ratio between services and pregnancies, 
but there is as yet no generally accepted measure of fertility. In respect of artificial in- 
semination the statement is frequently made that the fertility rate is approximately the 
same as with natural mating. But what is the fertility rate with natural mating ? No 
information based on carefully collected data from a number of British farms is available. 
Information from the United States quoted in this review for 1931 (lief. 6) was to the effect 
that over a period of 29 years in one herd where contagious abortion was prevalent the 
number of services of fertile cows for each conception was 2.52 ; in seven other well-managed 
herds the number of services for each concjeption was J .90 with a range within the seven 
herds of 1.61 to 2.25. 

In a recent report of investigations being carried on by the New Zealand Dairy Board 
(Ref. 7) a summary is given of the information collected over a perio<i of five years. The 
data were obtained from selected farmers who had agreed to keep complete and accurate 
details of all servicers in their herds and who were following a strict practice of hand-serving 
of cows. It is stated that the object of this work is to discover what are the normal conditions 
within the industry and to ascertain the general nature and the extent of the sterility problem 
in typical licrds as a guide to future research and also to provide information on several 
practical problems that arise in the extension of the use of proved sires and in comiection 
with the o^Kiration of artificial insemination centres. 

In this Now Zealand work the fertility rate or index is calculated on the basis of matings 
per coiKioption for all fertile cows in the herd ; all cows which were not in calf at the end of 
the mating season were excluded. It is explained that the complete mating season is 
approximately from early October to early January wdth about 70 per cent, of the matings 
conc^entrated into October and November. 

The data for the 5-year period include 761 herd years and 41 ,807 cows. Of this number 
38,709 were got in calf with an average of 1.50 services per conception; 3,098 (or 7.4 per 
cent.) cows were not in (?alf at the end of the mating season. An analysis of the services of 
the fertile cows shows that on the average 67 per cent, were got in calf at the first service, 
21 per cent, at the second, 8 ])er cent, at the third, 3 per cent, at the fourth and 1 per cent, 
at the fifth or later service. 

The relation between the age of the bull and the fertility ratio was also studied. This 
is a matter of definite importance in relation to the retention of bulls until they can be proved 
by the records of their daughters both under normal farm and under artificial insemination 
conditions. The results obtiuned are so interesting that the table in which they are given 
is reproduced here. 


.ANALYSTS OF BVLL FERTILITY ACCOHDINO TO AGE. 
(Five Years’ data 1939-40 to 1943-44). 
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The results given above show that under New Zealand conditions the fear of a serious 
average decline in fertility prior to the age of at least 8 j^ears is unfounded in practice and 
should certainly not be a general cause of disposal of bulls. 

The report points out that the results obtained refer to the fertility of the bull under 
natural conditions in typical herds and recognises that artifical insemination makes demands 
of a different nature. These demands include the production of adequate quantities of 
semen of a satisfactory^ standard at regular intervals (as contrasted w ith approximately 
three months of intensive service and nine months comparative rest) and the power of adapt- 
ation to the conditions of housing, handling and semen collection wdiich prevail at an in- 
semination centre. 

In due course information will, no doubt, be obtainable regarding the fertility rates at 
the different centres in England and Wales. Each centre must sUidy the j i^rformance of 
its own bulls and will naturally endeavour to obtain good results. In addition to what may 
be called the natural fertility of a bull, a high standard of technical skill on the part of the 
operator (both collector and inseminator) is essential, but there arc indications that it is 
easier to attain and maintain a successful level of operative efficiency than it is to keep a 
stud of bulls in good w'orking condition month after month. 

LABOUR SAVING ON DAIRY FARMS. 

The difficulty of getting sufficient labour to carry out the seven-day -a- week w^ork on 
dairy farms, together with the high rate of wages and the large numbers of hours which 
rank as overtime, makes all dairy farmers who require employees give ever-increasing 
attention to the organisation of the daily routine and to the ado])tion of equipment, methods 
and devices which will save time or make the work less laborious. 

In factories and workshops the layout of the plant and the order of operations has Ix^n 
carefully studied and alterations made to enable time to be saved or used more efficiently, 
but little or nothing has been done on farms to achieve the same ends. There is no doubt 
that much could be done by each o wrier or manager giving the subjecjt detailed consideration. 

An illustration of the way in which this x>roblem can, be tackled and of the 
results which can be achieved is given in a bulletin issued by the Vermont Agricultural 
Experiment ^station (Ref. 8). With the co-o}»eration of the occupier of a farm of 150 acr<^ 
— made up of 33 acres under crops and hay, 75 acres pasture and 42 acres woodland — on 
which a milking herd of 22 cows was kept, a member of the Exjierimental Station staff visited 
the farm at intervals and recorded the time taken for eacdi of the various items of work, the 
distance travelled and the routes followed in the farm yard and in the barn in which the 
stock were housed on the gi'ound floor and hay storcnl in a loft above. The barn was 
equipped with electric light, milking was done by machine, and running w^ater was available 
in a tub in the yard and adjoining the milk house, which was 50 feet from the south end of 
the barn. In 1942, when this study was made, all the work on the farm was done by the 
occupier except for assistance when making maple sugar in the spring and when filling the 
silo. 

After the investigator had studied the data he had collected with the aid of a plan show- 
ing the internal arrangement of the cowstalls, bull box, horse stalls, silo, sawdust for litter, 
hay chute from the floor above, etc., and the places where movable equipment such as a 
wheel-barrow, forks, shovels, etc. were usually kept, he made suggestions to the occupier 
as to changes which would save time. These suggestions were discussed, modified if 
necessary, and when agreed to were put into operation. 

The various changes and adjustments were put into effect over a period of about 
four months from J une 1 942 . They were grouped under four general headings, ( 1 ) Rearrange- 
ment of the stalls, etc. in the interests of convenience, (2) rearrangement of work routines 
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to economise time and distance, (3) improvement of equipment to make it better suited to 
the job for which it is used, and (4) convenient positioning of tools and supplies. 

The bulletin contains a detailed description of the various changes introduced and how 
they reduced the time previously given to them or reduced the distance travelled. 

The summary states that the time spent on the dairy farm “ chores ” (all the dairy 
farm jobs which have to be done daily or at intervals) was reduced from 5 hours 44 minutes 
to 3 hours 39 minutes daily, a saving of 2 hours 5 minutes, and the travel was reduced from 
3J to 1 J miles dailjs a saving of 2 miles. The greatest reduction in time took place in milk- 
ing operations, and })articularly by lessening the average time the milking machine was on 
each cow from 8 minutes to 4 minutes. 

It is claimed that a study of the procedure and the introduction of changes according 
to the internal layout and in the methods followed on many American farms will bring about 
definite savings in time and enable the worker to complete his duties with less fatigue. 

There are many farms in England and Wales w'here the la}^out of the buildings and the 
intonal construction and equipment are culpable of groat improvement. Indeed, improve- 
ment is essential to enable a satisfactory standard to be attained in herd health and manage- 
ment anti in the keeping qualities of the milk ])roduced. Wlien improvements are being 
considered it is imperative that the labour-saving aspect should be carefully considered as 
wtdl as compliance with local or national regulations. A study of a few English farms on 
the lines described above would be most helpful in the solution of a difficult and common 
problem. 

JAMES MACKINTOSH. 

National Lnstitutb for Ueskarcii in Dairying, 

Shinfield, Headin<j. 
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lodinated protein as a stimulant of milk production. In this Guide for 1944 brief reference 
was made to a preliminary report on work which had Ix^en carried out in this country on the 
use of iodinated proteins as supplements to the ration of dairy cows. A full report has now 
been published in a series of nine papers which deal with the preparation, assay and biological 
effects of such materials. In two of these papers Blaxter (Ref. 1) reports the results of 
practical trials with heifers and cows. lodinated proteins were made from ox blood, 
ardein (a protein from earthnuts) and casein and fed at different levels to heifers and cows 
at various stages in lactation. It was quickly found that there .was considerable variation 
in the potency of such preparations, and whilst a determination of the acid-insoluble iodine 
in the preparation gave an approximate indic.ation of the effect likely to be produced on 
the milk yield, etc., of dairy cows, a closer agreement with the results of practical feeding 
tests was obtained if the materials wore submitted to a biological assay carried out with 
Xenopus tadpoles. 

Of the three types of iodinated protein tested the most satisfactory results were obtained 
with iodinated casein although one preparation of iodinated ardein produced good response. 
When these materials were fed to dairy cows, either out at grass or during stall feeding, at 
a stage just past the peak in lactation, the response for each preparation was roughly pro- 
portional to the amount fed, within a range of stimulation of 16 — 33 per cent. The 
maximum effect was obtained when 60g. (1| oz.) of the most active iodinated ardein or 
30 g. (1 oz.) of the most active iodinated casein was fed daily. Accompanying the rise in 
milk yield there was a rise in the percentage of fat in the milk and hence a still greater rise 
in the yield of fat. The response to iodinated protein was intimately related to the stage of 
lactation, the response being small in early lactation, non-existent at the end of lactation 
and most marked at mid-lactation. The highest stimulation of lactation was accompanied 
by severe symptoms of hypermetabolism, namely, marked rise in heart rate, respiration 
rate and to a lesser extent in body temperature, and a marked loss in body weight (reaching 
in one case to 115 lb. in 7 weeks) and a general loss in condition. These effects could be 
lessened if the amount of iodinated protein fed was kept down to a level such as to produce a 
stimulation of only about 20 per ceiit. and attention was paid to housing. The weight loss 
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was ill part, but not entirely, made good in a post-period of 3 weeks. In some of the experi- 
ments there was definite evidence that the iodinated proteins were unpalatable and that 
the animals showed symptoms of iodism, especially where larger amounts of the material 
were fed. It is stated that there was no evidence of permanent injury to cows or calves 
and that on cessation of treatment recovery was rapid but it must be borne in mind that 
these were only short-period experiments carried out with only small groups of animals. 

In this connection it may be noted that both the Ministry of Agriculture and Fisheries 
and the Department of Agriculture for Scotland have stressed this latter aspect of the work 
and stated that, in the light of present knowledge, the general use of these materials could 
not be recommended and that, until further trials have been carried out, it is not intended 
that iodinated proteins should be made generally available. They also indicate that the 
econoinif^ aspect of the problem would require consideration. 

Acetonaemia, A study of the seasonal and geographical occurrence of acetonaemia 
in cows in the south-eastern part of the U.S.A. indicates that this trouble is due to vitamin 
A, deficiency and two workers have independently reported satisfactory results by ad- 
ministration of massive doses (250,000 1.U.) of vitamin A. twice at 12 hour intervals, recovery 
being complete within 24 hours. The ailment is considered to be definitely associated with 
a lack of good pasture and/or good roughage. 

General. Ix^osli et al (Ref. 2) report a marked detrimental effect resulting from 
reducing the roughage intake of dairy cows. When the supply of hay was reduced to 5 lb. 
or less daily for cows, mostly in an advanced stage of lactation, and their energy require- 
ments were made good by additional grain mixture, the percentage of fat in the milk and 
subsequently the milk yield showed significant falls. When the hay intake was restored 
to 16 lb. the fat percentage returned to normal but there was no rise in milk yield. 

Thomas (Ref. 3) as a result of wartime exj>erience in cattle feeding reports that pasture 
feeding was moderately successful but that yard feeding was generally carried on at a loss. 
He suggests the greater use of protein-rich farm crops such as kale, cabbage, beans, and 
mixtures of beans and peas. 

Sperm production by bulls. From Russia appears a report of work carried out in 1941 
in which it is shovm, from short period feeding trials with pure- bred Shorthorn and Aber- 
deen -Angus bulls which were used intensively for artificial insemination, that supplementing 
their diet with 20 per cent, of wheat germ concentrate gave an increase of 32 per cent, in 
sperm concentration, 31.5 per cent, increase of spermatozoa in ejaculates and a 63.6 per 
cent, increase of sperm viability. The sperm motility and libido of the bulls were also 
improved. The beneficial effects appeared about 25-30 days after the beginning of the 
feeding. It is recommondtHl to add 800 — 1 ,000 g. {i.e . , up to 2 lb. ) of wheat germ to the daily 
ration of breeding bulls, 

NUTRITION OF SHEEP. 

Recent trials in America point to the desirability of giving special attention to the 
feeding of ewe lambs during their first winter. Lot-fed lambs, receiving alfalfa hay during 
their first winter, showed a fuller development of their reproductive tract than corresponding 
lambs fed solely on open winter range. This difference was maintained in the second year, 

Swayback in lambs. Hunter, Eden and Green (Ref. 4) report that, on some farms in 
D^byshire, the recommended treatment of copper feeding to pregnant ewes appeared to 
be of little practical value. This may have been due to the fact that copper licks were not 
necessarily regularly consumed by all the ewes. The prophylactic value of copper has 
accordingly been re-examined. Investigations were conducted on five farms and various 
mineral supplements were tested. The results confirm that fort^nightl}" dosing of the 
ewes with 0,5 g, oz,) of copper sulphate had a marked beneficial effect in reducing the 
incidence of swayback but that other trace elements e,g,y iron, manganese, cobalt and 
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iodine in combination were not effective. On eighteen other farms where the ewes had 
access to commercial copper licks the incidence was 74 cases out of 1,170 lambs and 54 out 
of the 74 cases occurred on three of the farms. It is considered that the safest treatment is 
dosing fortnightly, or even more frequently, with 0.5.g. copper sulphate. Failing this, 
copper licks should be used, but their copjier content should be raised from the 0.3. per cent, 
used up to 1-2 per cent. It would appear that daily intake of copper is not the only factor 
in the etiology of the disease since 40 ewes, which had given swayback lambs in the previous 
year, were taken to Weybridge after tupping and fed on a diet of crushed oats and oat 
straw, alone or supplemented with copper or with other trace elements, and gave birth to 
normal lambs, not one case of swayback occurring, although the daily copper intake of 
the ewes was only about one- third of that of ewes grazing on Derbyshire pastures. 

NUTRITION OF THE PIG. 

Breeding capacity and milk production in relation to plane of nutrition. Fish wick 
(Ref. 5) has drawn attention to the imy)ortance of adequate nutrition during early life of 
gilts being reared for breeding. He used two groups (of 13 eacli) which had been matched 
into pairs at 8 weeks of age. Group I were well fed from birth so that they grew steadih' 
until they were served at 9 months of age. Group 11 were kept on a low plane of nutrition 
from 8 — 12 weeks of age so that the animals grew slowly and lost condition, and then 
during the next 4 weeks their standard of nutrition was built uj) until it attained that of 
Group I and from then on it was fed as Group 1 and the gilts were served at 9 months of 
age. At farrowing the gilts produced in Group I were longer in the body and lighter in 
the fore-end than those of Group II. In Group 1 13 first litters com])rising 131 young 
were produced as compared with 10 first litters (3 were barren) comprising 88 young in 
Group II. The weights of 5 pairs of comparable litters, in 4 of which pairs the numbers 
were equalised within 24 hours of birth, at 8 weeks showed that the young from Group 1 
were definitely superior to those from Group 11, thus indicating inferior milk production 
in Group II dams. There was no loss of young from any of the litters in Grouj) I u{) to 8 
weeks but in the other group 4 pigs were lost from 3 litters. 

The level of protein intake. By two further feeding trials in which both individual 
and group feeding were used Woodman and Evans (Ref. 6) have e^xtended and (jonfirmcfl 
earlier findings reported in this Guide for 1942 that over the entire feeding period from 
46-200 lb. liveweight there were no statistically significant differences between the result^ 
for pigs on the standard })rotein and low-protein diets, whether judged on the basis of the 
mean number of days required to reach 200 lb. liveweight, the mean daily rate of liveweight 
increase, or the mean lb. of meal consumed ])er lb. liveweight gain. In one trial the control 
ration contained 7 per cent, of white fishmeal to 150 lb. liveweight and then 10 per cent, of 
bean meal from 150 to 200 lb. liveweight ; in a second ration the fish meal plus 1 1 per cent, 
of barley meal was replaced by 16 per cent, bean meal plus 2 per cent, blood meal to 150 lb. 
liveweight and thereafter only 5 per cent, of bean meal to 200 lb. liveweight, whilst the third 
ration was the same as the second up to 90 lb. live weight and thereafter no protein supple- 
ment. Whilst this and a further trial in which no protein supplement was given after 90 lb. 
liveweight showed that this omission of protein supplement caused the animals to be less 
thrifty over the period 90-150 lb. liveweight it is possible that a more satisfactory comparison 
with the control group might have been obtained if the protein supplement had been 
reduced gradually at 90 lb. and finally omitted at about 120 lb. liveweight, although the 
small differences were of minor practical importance and had no significant effect cm the 
results over the whole period. It still remains to be seen whether these conclusions will 
hold good when animal protein is completely replaced by vegetable protein. Post-slaughter 
data indicate that if the low protein intake level is sufficient to support maximum growth 
no significant falling off in carcase quality or conformation need be feared. 
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Treatment of foodstuffs mth yeast. In a monograph recently to hand from the Ukraine, 
it is rejjorted that the following beneficial results were obtained by the addition of yeast to 
feeding stuffs in amounts equivalent to L25 — 2.50 per cent, of the dry matter of the ration. 
(1) With boars the volume of ejaculate and the number of spermatozoa increased. (2) 
With sows there was an increase in the size, weight and ante-natal development of the 
foetuses. (3) Nursing sows had an increase in milk yield as indicated by the development 
of the young at weaning. (4) Weaned stock, receiving the yeast supplement, showed as a 
rule greater average daily liveweight gains and consumed less food per lb. of liveweight 
incre^ase than the controls. (5) Piglets so fed showed an improvement in health as indicated 
by lack of digestive disturbances and resistance to certain infections and deticiency diseases. 
The secretory activity of the salivary glands and the stomach was stimulated and, although 
there was no apparent increase in the digestibility co-efficients of the constituents of the 
ration, the rate of deposition of nitrogen in the experimental animals was increased. It is 
considered that the use of yeast treated foodstuffs should be encouraged to the largest possible 
extent on all pedigree and commercial pig farms. 

POULTRY NUTRITION. 

lodinated protein. This matf3rial which has been extensively tested for use as a supple- 
ment for dairy (^ows (q.v.) has now been tried in the form of iodinated casein (protamone) 
as a supplement for laying hens (Ref. 7) with satisfactory results. The optimal amount was 
1 oz. of the iodinated casein to 3(K) lb. of food and the trial was started with White Leghorn 
hens when thc^y were in, or about to go into, moult. The use of the ])rotamone appeared to 
hasten moult and gro’W'th of new feathers. Over a period of 12 months 12 control birds gave 
933 eggs whereas 12 experimental birds gave 1,612 eggs. In each group two birds died. 
There was thus no effect on the mortality rate of the hens, nor was there any difference in 
the average weight of the eggs produced. 

Effect of irradiation, Heywang (Ref. 8) reports experiments with growing chicks 
and laying pullets in which in each (^ase, during the hot stimmer months, the birds were 
subjected to irradiation from a 40-w'att lamj) from midnight to daylight with a view to 
increasing their food intake. Growing chicks of either sex ate more food and made greater 
gains in liveweight over a j)criod of 12 weeks than did control non- irradiated chicks. There 
was no extra benefit by extending the time of irradiation to cover the whole }>eriod of 
darkiu'ss. Similar trials with pullets, when egg ])roduction w-^as low as a result of reduced 
food intake, gave no evidence of any appreciable effect on food consumption, egg ])roduetion 
or liveweight. This applied equally whether the birds had bec^n reared under the irradiation 
system or had not previously been irradiated. 

Foodstuffs^ various, Bolton and Halo (Ref. 9) have shown that either potato flakes 
or slices compare favourably with cereals, as regards their effects on egg prodiu;tion, when 
amounts up to 42.5 per cent, of either product were included in the mash of laying pullets. 

Chewing’s fescue seed of low germination capacity w^as found to be able to replace the 
30 per cent, of oats in a mash for growing clucks without any deleterious results. Despite 
the bulkiness the ration was readily eaten and there was no significant difference in growth 
response between these and control birds. The fescue seed contained 12.8 per cent, crude 
protein, 11.6 per cent, crude fibre and 61 .7 per cent, nitrogen-free extractives. 

A Russian worker has calculated that fowls put out for 2 — 2| months on stubble fields 
after the harvest may pick up during that period from 20-24 lb. of grain and growing chicks 
from 9— 1 3 lb. and in addition the birds consume large numbers of insect pests as well as weed 
seeds. On one state farm the fowls on stubble produced more eggs and showed a greater 
gain of weight than control birds kept in runs. 

Sheehy et al (Ref. 10) have drawn attention to the fact that if meat and bone meal is 
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included in the ration of chicks it should not exceed 1 3 per cent, of the ration, and attention 
should be paid to the make>up of the remainder of the diet. The ration must be made com- 
plete in respect to all the various essential food factors including riboflavin and other members 
of the vitamin B complex. 

Six-day chick disease. Under certain conditions, whilst fertility and hatchability may 
have been good and the appearance of the chicks at hatching satisfactory, commencing on 
the sixth day heavy losses may occur and continue until the chicks are 12—14 days old, with 
a peak of mortality, which may amount to 30 — 50 per cent., on the 8th, 9th or 10th days. 
Temperton and Bythell (Ref. 11) consider that this trouble is due to a lack of available energy 
in the ration, owing to the inferior quality of starter rations due to a lack of whole grain and 
maize products and a deterioration in the quality of the nitrogen-free extractives of millers' 
offals and the inferior quality of other cereal products permitted for poultry feeding. 
They are of the opinion that the solvents used in the manufacture of palm kernel meal are 
not responsible for the onset of the disease, but that palm kernel meal is unpalatable and of 
low energy value and that its use in chick rations is inadvisable. Common et al, (Ret. 12) 
support these findings, but they also suggest that environment conditions such as might 
produce cooling effects and hence a relative deficiency of available energy may be a causal 
factor in precipitating the condition. Further confirmation comes from the thorough 
investigation conducted by Barton-Mann (Ref. 13) who concludes that the trouble is a 
disease of intestinal putrefaction which may be caused by any ration containing (a) in- 
sufficient starch or carbohydrate to maintain an acid reaction to the lower end of the 
intestine, (b) an excess of fibre or sponge-like fibre, e.g,y in palm kernel meal or sugar beet 
pulp which assists the proliferation of putrefactive bacteria, (c) animal proteins showing 
evidence of putrefaction, (d) residual oils which destroy vitamin A. 

GENERAL. 

Fodder cellulose, Scandinavian feeding trials have confirmed the earlier findings of 
Woodman (this Guide, 1944) as to the digestibility and feeding value of this material, when 
dried, provided adequate protein and mineral supplements are given. Cows would consume 
5 — 10 lb. daily and horses 6 — 10 lb., the latter over long periods of hardwork, withas little 
supplementary protein as 6 oz. of digestible protein. 

Rye-grass seed. Common (Ref. 14) has extended his work on unusual foodstuffs and 
has shown that ground high-quality Northern Irish ryegrass seed had a chemical com- 
position and digestibility comparable with that of oats. Ground rough perennial ryegrass 
seed had a starch equivalent equal to 90 — ^95 per cent, of that of oats and the bulked cleanings 
from the same seeds starch equivalent equal to about 80 per cent, of that of oats. It is 
considered that some of the poorer quality fractions of the cleanings might be excluded from 
cleanings intended for use as feeding stuffs. 

Grass drying and haymaking, Scandinavian workers report trials with two types of 
driers in which it was found that, under good conditions, 93 per cent, of the total nutrients 
and of the digestible protein were preserved in the case of pasture grass. With a clover crop 
recovery averaged 97 per cent, of the total nutrients and 89 per cent, of the digestible protein. 
In haymaking trials where the crop was put on to hurdles without wilting 84 per cent, of the 
total nutrients arid of the digestible protein were retained, although losses were greater in 
bad weather. Drying in cocks gave average recoveries of 80 per cent, of total nutrients 
and 74 per cent, of digestible protein. 

Sugar beef tops, Kayrrs (Ref. 15) has drawn attention to the value of this material 
as a feedingstuff. Ho points out that in 1944 in Britain there were 417,900 aOTes under 
sugar beet giving 8 tons per acre of tops, a yield equivalent to that from 250,000 acres of 
swedes. The tops, if allowed to wilt and stored in heaps, have the same feeding value as an 
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equal weight of swedes judging by feeding trials with sheep and cattle. Because of the 
oxalic acid in the tops which may render their lime unavailable, chalk should be fed with 
them. They contain 15 per cent, dry matter rich in protein and sugar Mature sheep 
will eat 14 — ^21 lb. of tops daily and a 10 cwt. bullock up to 100 lb. If they are to be fed to 
dairy cows the quantity should not exceed 42 lb. daily in order to avoid risk of taint in the 
milk. 

W. GODDEN. 

Rowbtt Resrakch Ixstitutr, 

Bucksbuhn, 

Abebdibenshire. 
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GENERAL FARM MECHANIZATION. 

On several occasions over the last two years reference has been made in this section of the 
Guide to American statistics on machinery manufacture or utilization. These have been 
taken from U.S.D.A. Bulletins or from Annual Statistical reviews })ublished by certain 
trade journals, and have been used mainly to illustrate general progress in farm mechani- 
zation. Sometimes, however, the same statistics have been used to supjiort forecasts of the 
future trend of mechanization in this country- -not in any real expectation that American 
events will repeat themselves here, but because, except for the results of an ocoiisional census 
or two, there have been no British figures to start from. It is in these (*iro urn stances that 
the interim review of Agricultural Machinery recpiirernents drawn up by the N.F.U. is 
particularly welcome (Ref. 1), Indeed, w^hether the figures themselves can be ac(;ej)ted 
without criticism or not — and manufacturc^rs, to whom presumably they are }>arti(nilarly 
addressed, may very well find some of them optimistic — (M:‘rtain things eon(‘enung them 
should be given due recognition immediately. The review has been drawn up by farmers, 
and indicates both their finn belief that there must be even more mechanization in the 
future, and their deep concern lest the necessary machines should not be forthcoming. No 
criticism of figures can alter the genuineness or imjiortaruje of th(*se feelings, nor can any b(* 
put forward legitimately unless it is backed up botli by better estimates and by evidemji* 
of their validity. 

The review contains figures of three distinct kinds, and one criticism which may be 
legitimat-e in spite of what has been said above, is that they might with advantage have been 
kept separate. Some of the figures are official estimates, based on the 1944 Machinery 
Census or on returns of imports and manufactures, and arc therefore beyond question. 
Incidentally these are of great value in themselves because over the last few years official 
information of the kind has not been at all readily accessible. 

Certain other figures represent what may be called sound estimates in the sense that 
there is some clearly stated reasoning behind them ; but, in the absence of such reasoning, 
some otliers cannot be regarded as being better than guesses. Because all three are mixed 
in presentation, an undeserved shadow of doubt may be cast over the sounde^r estimates. 
For examx)le no very serious objeiition can be taken to the final estimates of annual farm 
tractor requiiements — 1 ,500 tracklayers and 26,000-odd 3-or 4- wheeled machines — based, 
as they arc, on definite statistics of numbers and sizes of holdings. But the corresponding 
figure of 14,500 2-wh<^eled tractors has behind it only the statement that ‘‘ A provisional 
estimate of demand is 100,^)00 with no indication of why 10,000 or a million might not 
have served equally well. Again, some of the figures for “ replacements and additional 
requirements may be open to doubt on rather different grounds. Thus, over the war years, 
the great majority of ail the ploughs manufactured or imported have been of the everyday 
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rather light-weight type, and even farmers who would have greatly preferred something 
heavier or different have, for the most part, had to make do with whatever was readily 
available. At the moment all these farmers still want a plough in the sense that they have 
not yet got exactly what they originally intended to get, but this does not necessarily mean 
that they wiU all buy spfjcial ones when available unless they can trade in, or otherwise 
dispose of without undue loss, those they already have. It might therefore be argued that 
the total immediate demand for ploughs is not the number of special ploughs needed plus 
the number of ordinary ploughs needed, but some figure not greatly in excess of the demand 
for one or other type alone. 

In its conclusion the N.F.U. review draws particular attention to what the machinery 
needs of British farmers may be worth to the general Engineering Industry. In the rather 
limite<l field covered by this report alone machinery needs represent a value of something 
over £20 million annually. 

Two other publications off(‘r ])ictures of agiiculture as seen through ordinary engineering 
eyes. Tin' first of th(‘se is t}u‘ very competiuit review published annually under the general 
title of Engineering Outlook ” by one of our leading engineering journals (Ref. 2). This 
giv(\s more facts and figures than are ordinarily to be found in articles of this kind — although 
some of the figures are not in ve ry understamlable form. Statistics about tractors and 
plouglis, for exam])l(\ look rath<T meaningless when they are expressed in tons. It should 
Iw recognised, howcvi r, that tlu^ fact that they are exyjressod in this unhandy form is in no 
way the fa.ult of the Jomnal concerned. The other publication {Kef. 3) is a report s})onsored 
by th(^ Engineering liui list l ies Association wliicli at-tem])ts to weigh up the ne'-w commercial 
prospi^cts which agriculiure may offer to engineering firms not at present engaged in this 
particular field. One cannot do Ixdtcr here than to quote, without comment, what appears 
to be the main conijlusion : " In our view entry into the agricultural market by an engineering 
manufa,etur(‘r not hitherto exi>(‘rien(5id in this field would be at best a speculative enterprise ; 
and would almost certainly ]nove disastrous unless he had ample capital to employ the most 
experiencenl designers and technicians, opportunity to i^arry out the most careful exi)eri- 
mentation, and financ ial resouicc^s strong enough to enable liim to wait for a long profit.” 

Jri all tlu‘ foregoing there has liecm implied the need for more exact and more re^gularly- 
produ(!cd statistics, Tlie latter (puilidcation is important because as backing for wdiat is, 
in eff<*ct, Consumer Resear cli, the results of a spot estimate, however accurate, are much 
less ef{<H?tiv(‘ than gra]>hs w hich show treads from one year to another. 

One such graph a[)pe.ars in the 194b issue of one of the statistical reviews already 
mentioned (Ref. 4). It shows the gradual increase over the last 35 years in the U.S. farm 
tractor ])opulation, with the corresponding decline in total numbers of farm horses and mules. 
The })eak of the horse and mule curve occurred round about 1918, i.c., at the end of the first 
World War, althougli it is by no means ciTtain that the war itself had much to do with it. 
Since then both the declining horse? curve and the rising tractor curve have been quite 
remarkably steady ; then? was a temporary flattening of the tractor curve in the early 
thirties but it very quickly leturned to normal. 

What is really remaikable is that if a prospective manufacturer, or anyone with a similar 
interest, had uscmI the graph up to, say, 1038 as a basis for estimating the 1945 total, he would 
almost certainly have been within 10 ])er cent, of the actual figure although the second World 
War has ha}){)ened mcanw'hile. A rough idea of w-^hat has happened over the last quarter 
of a century is given by the fact that while in 1920 there were roughly 100 horses or mules 
for every tractor in American farming, the corresponding figure to-day is only about 6. 
In this particular publication — and there are others like it — there can be found every year 
all the information necessary foi plotting graphs of the kind described for each and every 
farm implement of any consequence. One cannot help feeling that if corresponding 
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information were available here, the general difficulty of getting the machines we want 
would be very materially reduced. 

Another very interesting table included in the same journal — but based on a publication 
of the U.S.D.A. Bureau of Agricultural Economics to which no exact reference is available — 
shows the average prices which American farmers paid for different types of machine in 
each of the last six years. The general price increases over the period strike one as being 
remarkably modest in all the circumstances ; whilst the current prices will no doubt make 
our farmers feel badly off. The prices tabulated below in illustration have been converted 
to sterling at $4 to the £. 

Average prices paid by American Farmers for some typical machines. 



1939 

1945 

12-8pout grain drill 

£42 

£47 

7-ft. binder 

£64 

£73 

8-ft. p.t.o. combine 

£262 

£275 

l-row elevator potato digger ... 

£42 

£48 

2-furrow ti actor plough 

£31 

£34 


As a final example of the kind of information that is to be had from the same source 
there may be mentioned some figures relating to exports. 

The total value of all the American farm machinery (including tractors) exported in 
1930 represented just under 20 per cent, of the total value of all that was manufactured ; 
for 1935 and 1940 the corresponding figures were about i)er cent, and 13| })er cent, 
respectively. Bearing in mind that a considerable proportion of these exports would almost 
certainly go to areas close at hand, like Canada and South America, the fraction represented 
by the most Britain has ever imported in any year cannot be a very impressive one from 
the standpoint of the American trade as a whole. And from this there is a quite important 
moral to be drawn in comiexion with the general problem of meeting future machinery 
needs. There is not the slightest reason to expect that Ameiican manufacturers will re- 
design any of their machines — or make any but quite minor modifications to them — ^just 
to meet the special requirements or conditions of British farming. Nevertheless, when they 
could get them, our farmers managed reasonably well with American tractors, American 
drills and even American combines. But from now" on it is not so much on machines like 
these as on things like root harvestei sand on appliances for the small — and even very small — 
farms that the further extension of farm mechanization will depend. With these, the 
peculiarities of British soils, crops and farms will have to be taken more and more into 
account — so much so that there is very little hope that American designed machines can 
ever offer a satisfactory solution. It is for this fundamental reason, rather than on account 
of currency or other restrictions, that we need to put our own manufacturing industry on its 
feet again. 

Some rather moie definite clues than are ordinal ily available to the differences between 
our own and American farming are to be found in the report of a Machinery delegation, 
which spent several months in the U.S.A. last year (Ref. 5). Among the opinions recorded 
is that the main reasons why ‘ mixed ’ farming in the Middle West and in Ea^stem Canada 
is carried on with much less labour than would be needed on nominally similar holdings in 
Britain are not, as has sometimes been suggested, to be found in a greater use of labour- 
saving appliances in or around the yard. They are to be found rather in more favourable 
circumstances : more compact farms ; lighter and more friable soys ; less need for 
cultivating or harvesting under wet conditions ; easier weed control ; less diversity of 
cropping ; and a much looser association between livestock and arable farming. 

One section of the report is concerned with the general way in which agricultural 
machinery development is carried on in the States, and with the reasons behind its quite 
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evident Hucce^s. Here again much of the answer seems to lie in different and more 
favourable conditions— in this case of an economic rather than an agricultural nature. But 
there were other causes as well, of which two may be mentioned here. One was the broader 
outlook on mechanization arising from a general urge to cut down the man-hours involved 
in production, quite regardless of the nature of the product or of the circumstances in which 
it is produced. A direct consequence of this is a unity of purpose quite beyond anything 
yet experienced in this country : farmers, manufacturers and scientists all appreciating 
what the others are trying to do. Again, the report emphasizes the great part played as 
regards both machinery development and the general extensions of farm mechanization 
(which are not by any means tlie same thing) by the ‘‘ Consumer Relations or Product 
Research ” organizations which all the larger American firms possess. The report also 
gives a good deal of information about recent advances in mechanization with particular 
regard to hay and silage making. 

A separate article on farm machinery trends in the U.S.A. is also based mainly on 
material collected by the delegation just mentioned (Ref. 6). One general point with which 
it deals is the American insistence on “ one-man machines ; another is the comparative 
freedom from fixed traditions which brings about a general willingness to lower standards 
in the interests of mechanization. By way of complete contrast there may be mentioned 
an account of farm machinery in Germany and Denmark (Ref. 7). 

Recent machinery developments — this time almost exclusively from the British aspect 
— are the subject of yet another })aper which may be of intere-st to readers who are in search 
of descri[)tive rather than detailed information (Ref. 8). This also describes the general 
way in which some of the developmental work in this (country is being carried on. Finally 
there may be mentioned a paper dealing with what is called the next phase in agricultural 
mechanization ; the equipment of the small everyday hon-specialized farm (Ref. 9). One 
of the fundamental difficulties here is that of producing an efficient combination of 
tractor and horses. 

In general some horses have to be retained because (^f the ever-present problem of in- 
ternal transport. On each of five smallish mixed farms for which fully detailed records 
were kept, there was not a week last year in which the hours put in by the farm cart did not 
exceed those put in by all the other implements combined. There is also the difficulty that 
modern machines tend to be too corajdicated and expensive for the small farm. Much 
could be accomplished by directing developmental effort more towards less-specialized it 
less complete ” equipment, but this would still leave the small farmer relatively at a 
disadvantage. The only other solution lies in the use of one machine on more than one 
farm — in theory by co-operation ; in practice by continuing something on the linos of the 
machinery services provided by Coimty War Committees. 

It should perhaps be emphasized that, from the farmer's standpoint, all these papers 
on tremds and recent developments deal rather with the future : with the equipment and 
methods which may one day increase the general scope of farm mechanization. In the 
meantime — as the N.F,U. review implies — ^there is the more immediate problem of providing, 
from home rather than overseas sources, an adequate flow of more ordinary implements : 
those which most farmers are accustomed to use already ; and those which have already 
been accepted by enough f aimers to make it certain that they will be needed in increasing 
numbers over the next year or two. It is with the latter that a recent report issued under 
the auspices of the Agricultural Machinery Development Board is mainly concerned (Ref. 
10), It aims at giving, for the benefit of both existing manufacturers and potential new^- 
oomeis to the industry, an idea of the types of equipment that will be most needed, and of 
some of the * user requirements ’ that designers should have in mind. It is, of course, one 
thing to provide machines which will do specific jobs efficiently ; and quite another to 
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provide machines which will fit economically into the everyday farming scheme. In the 
latter connexion a note on machinery capitalization may be of interest (Ref. 11). 

TRACTORS. 

In several of the contributions noticed in the prec(jding section, the key to the 
situation seems to lie in tractors somewhat different from those which have been readily 
available over the last few years. 

One instance is the tracklayer, another is what is called the row- crop tractor ; and both 
have been much in mind lately because they have been difficult to obtain. On the other 
hand more than one discussion has led to the conclusion that even when these and other 
comparable types are freely available, there will still be unsolved power-unit problems 
particularly in connexion with small farm mechanization. In papers already discussed the 
writer has argued the need for something which at present is quite undeiined and which 
can only be referred to as a ‘ missing link ’ between the horse and the ].)resent day tractor. 
The main function of such an outfit would be not so much to attain a set performance in any 
particular oj)eration as to fit into and round off the whole system. It can in the long run, 
therefore, only be defined by weighing u]d practically everything that happens on the every- 
day farm so as to bring to light the gaps and difficulties to whi(di ordinary tractors offer no 
satisfactory solution. Tw'o short notes, one on farm carting and one on tractor duty 
(Refs. 12 and 13), are of interest in this cormexion : they provide no answers to specifics 
questions, but give information of the kind that is needed. Another contribution on tractor 
costs and performance is more specific, and gives a lot of detailed information — all directly 
based on practical farm records — about working costs both ovc'rall and for partic.ular 
operations (Ref. 14). 

On the more technical side attention should cei*tainly be given to a series of three 
articles weighing up present tractor design (Ref. 15). The first deals with the engine ; the 
second with the transmission ; and the third with what can only be called the ‘ chassis ’ 
although, to be accurate, most tractors have no ‘ chassis.’ These articles deal mainly with 
constructional points, and are obviously intended more for (mginc*ers than for farmers. They 
arc, however, fairly simply wTitten and are ver;^' well illustrated ; so that mechanically - 
minded farmers who want something a little more advanced than the usual ‘ how-your- 
tractor-works ’ material, would find them worth reading. 

Two American research reports on the use of liquid in tractor tyres have come to hand 
during the year under review (Ref. 16). One conclusion from the work w^as that if the final 
inflation ]>ressure and back-axle weight remained the same the percentage of liquid fill it- 
self had no significant effect on the traction capacity of the tractor. 

In these particular tests both the final inflation pressure and the tyre cross section 
seemed to have more effect on adhesion than has been experienced in similar tests in this 
country. The second report is mainly concerned with the effect of liquid tilling on vibration 
and on bouncing characteristics. When the tyres were completely filled with liquid there 
was generally a marked increase in both the magnitude and number of the shocks resulting 
from vertical accelerations of the axle. Putting more liquid in the tyres decreased the |>eriod 
of vibration of the axle but increased the rate at which vibrations were damped out. The 
overall vibrations effect in any particular case, from the point of view of the tractor driver 
for example, would therefore seem to depend too much on other factors to be predicted from 
considerations of tyres alone. As regards bounce, the conclusions seemed to be exactly 
opposite according to whether the tractor was crossing a ridge or a depression . In the former 
case the maximum vertical motion of the axle was increased, and in the latter it was de- 
creased, by increasing the extent of liquid fill. Those to whom American bulletins are not 
easily available may like to know of a British summary of this work (Ref. 17). 
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As a final hint of things to come in the tractor sphere mention may be made of a 
** Driverless ’’ tractor that has been in operation in Texas (Ref. 18). The tractor is a 
standard three-wheeled model fitted with a self-steering attachment controlled by discs 
wliich run in the open furrow. If it is doing work in rows or lands a man is necessary for 
turning it round at the ends ; but one man (with a truck) can keep three or four outfits in 
action simultaneously. If on the other hand it is working round and round, it can be left 
to itself except for re-fuelling. Quite spectacular reductions of both capital and running 
costs are said to follow its introduction. 

CULTIVATIONS. 

Among the papers to bo (ionsidered under this heading are two or three which are con- 
cerned directly or indirectly with Rotary Tillage. Contributions of this kind are always 
difficult to discuss fairly because there is inevitably in the back of one’s mind an overriding 
(juestion to which the papers themselves give no hint of an answer. 

It is roughly : why, in spite of a hundred years of almost continuous inventive effort, 
has rotary tillage — or for that matter any direct application of meclianical j)ower to the 
soil — had no appreciable im]3act on everyday farming ? If the contribution concerns 
some particular new a})])lianc(\ and is written by an enthusuist, it may very well suggest 
that this time the result will he different because the essential wwking principle of the 
appliance in question is different. In fact, however, a little delving among the records 
generally shows that pn^eisely the same principle w-as applied in some forgotten machine 
of the last/ century. Tin* truth is, probably, that all these new “ principles ” are concerned 
with axes of rotations and things of that sort instead of with the soil itself and what, from 
the standpoint of the plant, needs to be done to it. Indeed engineers can hardly be expected 
to produce new and more effective cultivating appliances until some one has told them more 
c.xactly what the appliance will have to do. With this in mind, it is refreshing to turn to a 
r(‘.cent article by Handers which should be read by eveiyone who is engaged in, or thinking 
of engaging in, the invention of new tillage appliances (Ref. 19). It gives no exact infor- 
mation — of the kind which an engineer can copy into his pocket book and use in designing 
machines — -but it does givH^ a very vivid jiicture of what cultivation is aU about, and why, 
for example, chopping soil up is by no means the same as making a tilth. In another 
article Rogers covers something of the same ground from a rather different j)oiiit of view" 
(Ref. 20). Among the particular subjects discussed are soil moisture, root depth, and soil 
organic- matter, Rogers mentions that he has traced roots to 2^ feet deep and lucerne roots 
to 5 feet. Indeed it would appear that plant roots are liable to go just about as deep as 
some limiting factor like a hard pan, or natural rock, or the water table will allow". One 
wonders, whether — beyond, say, the first 18 or 20 inches — ^this deep penetration is due to 
mere inquisitiveness or whether it serves some useful purpose. 

As it happens all the rotary tillage papers on this occasion come from America where, 
l)ecau8e of efforts to counter soil erosion, cultivation methods are definitely tending to 
change. The first, by Kelsey, deals with the spring-tine type of rotary tiller w"hich 
originated in a Swiss invention of 1910 (Ref. 21). 

Rotary tillers ot this kind were imported in considerable numbers between the wans 
and fiom these have descended all the many small models now manufactured here for 
horticultural use. In America, however, rotary tiUers of this spring-tine type are made in 
a much wdder range of sizes up to one with a 110 h.p. engine. The paper describes the 
different forms of tine that have been evolved for various special conditions partly as the 
result of research work at the Iowa Experiment Station, It would certainly appear is if, 
on the engineering side at any rate, there is more design on the basis of more or less exact 
knowledge behind this machine than has usually been the case. Moreover, on the agri- 
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cultural side, and in the interests of erosion control, American thought at the moment is 
mainly concerned with such things as the chopping up and distribution of trash which are 
much more tangible than tilths and crumb structures. A companion pai)er deals with 
particular rotary tillage applications including, for example, the control of white grubs in 
U.S. Forest Service nurseries, and the handling of compost heaps on the grand scale (Ref, 
22). Yet another paper is mainly of historical interest, and British readers, if they are not 
familiar with it already, will find most of its material more readily accessible from other 
sources (Ref. 23). It does, however, describe several early American machines and some 
current ones of which the writer, at any rate, had not previously heard. 

Among the new, but not in any sense revolutionary, cultivating implements that have 
come into fairly wide use in America over the last decade, is the so-called Weedor Mulchor. 
This is only one of a number of implements which are all very similar and have the same 
purpose. The broad idea is that of very light flexible close-set tines whi^n are pulled at 
high speed over growing crops when they are just beyond the seedling stage, as a cheap means 
of weed control. Preliminary trials carried out at the N.l.A.E. have been re}X)rted (Ref. 24). 
Broadly speaking the implement was ineffective because, although counts immediately 
before and after treatment showed that a considerable ])roportion of the wcieds present 
had been disturbed, subsequent counts showed that they had not suffered much in the 
process. In the more friable soils, and with the greater certainty of periods of hot dry 
weather, that exist in the areas from which the Weeder Mulcher comes, the result might 
very well be different. 


HAY AND SILAGE MACHINERY. 

In the report on farm mechanization in America already quoted (Ref. 5) particular 
attention was drawn to the importance of silage. In the Mid-Western and North-Eastern 
regions at least — as well as in Eastern Canada — every farm had its appropriates (complement 
of towel silos. Farmers in those regions were favoured both by having labour-saving 
machines in closer prospect, and by having maize as their main, and in some areas almost 
universal, silage crop. A more vigorous attempt to find maize hybrids suitable for the 
same purpose in this country was strongly recommended. Nevertheless, as a member of 
the delegation concerned, the writer recalls being told over and over again, by farmers and 
experimenters alike, that few American farmers would bother with silage if tliey could be 
sure of getting their hay in good condition. And, so far as experimental work in agri- 
cultural engineering is concerned, it is certainly hay rather than silage that is in the lime- 
light at present. The new cutter- chopper- blowers, which we in this country regard almost 
exclusively as silage combines, figure very prominently in the production plans of the larger 
manufacturers, but whether they will be used mainly for silage oi for hay remains to be seen. 
In the meantime, Street has argued forcibly that British farmers at any rate ought to make 
both hay and silage — ^from the same field if necessary — ^as a regular practice (Ref. 25). He is 
thinking particularly of relatively small-scale milk producers, and of silage making as 
being done an hour or two at a time in between milkings. Considered in this way, silage 
making demands no equipment that is not to be found already on the farm except for the 
silo itself ; and even that can be dispensed with by using pits or stacks. In fact, the main 
requirement is not machinery but determination and willingness to sweat. Reference may 
also be made to an account of observations made during 1945 oi six different systems of 
silage mechanization (Ref. 26). Perhaps it is an exaggeration to call these “ systems 
because no one of them had been at all carefully worked out. They were rather the methods 
being piactised in that year by six different farmers, all keen on silage mechanization, but, 
all, almost ceitainly, having to manage with what was, to some extent, a compromise be- 
tween the equipment they would h^ve liked and what they could get. One broad conclusion 
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was paraUel with Street’s ideas on the subject ; that on small farms at any rate a good deal 
could be accomplished by proper use of existing equipment. 

To return to America — only because it is from there that much of the new equipment 
has originated — some attention was given in last year’s Guide to the general conflict of ideas 
that has arisen ; to some of the reasons behind it ; and, in particular, to the emergence of 
a sudden and almost unreasoning enthusiasm for mow drying. This enthusiasm continues — 
so much so that the flow of papers on the research and experimental aspects of the 
subjecjt has become aJmost embarrassing. In the first place mention should be made of a 
very comprehensive U.S.D.A. research programme which aims at comparing three methods 
of hai vesting and preserving forage crops ; silage making, haymaking in the field, and hay- 
making by curing in the barn. This covers a very wide range of expeiimental data up to 
and including feeding trials and will continue, in the first instance, for 3 years. A pre- 
liminary report on the first year’s work has been published (Ref. 27) and includes tabulated 
figures foi the man-and machine-hours needed tor each method both |>er acre harvested and 
per ton ol dry matter stored. It is interesting to note that on the latter basis there were no 
appreciable differences in the three methods: using, so far as one can make out, ordinary 
rather than up-to-the-minute equipment in each case. Coming now to mow drying, a very 
comprehensive bulletin on the design, installation, and operation oi the barn hay drier has 
been issued under the auspices of the Tennessee Valley Authority (Ref. 28). It includes a 
very useful list of published papers up to about 1943 ; but it is not very up to date as regards 
practical experiences. Several papers seem to suggest that the method is not as straight- 
forward as some of the earlier enthusiasts claimed. Frudden (Ref. 29) discusses rate of 
moisture removal and, on the basis of experiments by Jennings at Cornell during 1944 and 
1945, recommends that all mow dryiirg should be carried out so as to reduce moisture 
content to 10 j>er cent, within 7 days. Unfortunately the more carefully controlled experi- 
ments are, the less they take account of two of the major bugbears in practice : uneven 
packing of the crop and air losses at the boundary of the mass. The effectivenesss of the 
drying obviously depends on the volume of drying air passing tlirough the crop : but of the 
air blown into the system not by any means all goes through the crop ; while not ail the 
hay gets equal benefit from what does go through. 

Uuffee, who was possibly the originator of hay chopping, now seems doubtful of the 
wisdom of chopping as a preliminary to mow' drying (Ref. 30). Examination of a number of 
installations during ordinary farm operation disclosed quite surprising vagaries in the air 
flow. These seemed to be due mainly to what were, in effect, blockages at the air exits 
from the ducting. The ducting system follow'ed the design arrived at in the T.V.A. experi- 
ments which were all carried out with long hay. But whereas long hay more or less naturally 
drapes itself over the duct exits in such away as not to prevent the free outflow of air, chopped 
bay tends to fall straight down and plug the vent. Quite clearly some further study of 
duct design is needed : in the meantime farmci‘8 are recommended not to buy forage 
harvesters unless an average length of chop of not less than 4 inches can be guaranteed. 
Incidentally a longer chop is strongly to be rec/ommended from the feeding standpoint — 
indeed, those who are concerned solely with the feeding end do not seem to like chopped 
hay at all. The need for further studies of the tecluiicalities of air flow — whether for 
chopped hay or not — seems to be widely recognised and references to several papers on the 
subject may be given (Refs. 31 to 34). For the most part, however, these record what 
happened on a particular occasion with a particular drier, and give very little guidance as to 
what would have happened with a different crop and a different arrangement of ducting. 
One general result established by several researches is that if, for the flow of air through ha,y, 
the relation between velocity apd static pressure is expressed in the form V==oon8tant x 
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the value of the exponent is not 0.5 (as it would be in the case of a plain orifice or duct) but 
somewhere between 0.65 and 0.75. 

Bather apart from all this is a paper on artificial drying in the stack which takes as its 
starting point the work on the same subject which was carried out here about twenty years 
ago (Ref. 35). The stacks were of a size to contain about 10 tons of finished hay and were 
covered over the top and upper sides with a fibre-glass tarpaulin. In a test with alfalfa the 
moisture content was reduced from about 37 per cent, to 16 per cent, by 90 hours of blowing 
over a total period of 7 days. To drive the fan needed 9^ gallons of petrol. In another 
test with soyabean hay the moisture content was reduced from 38 to 12 per cent, by 124 
hours of blowing over 11 days. 

The hay seems to have been quite satisfactor}^ but no indication of the overall labour 
requirement and general practicability from the farm standpoint is given. 

The idea of ‘ assisted ' curing with cold or only slightly heated air is also being applied 
to baled hay. A paper by Miller describes a verj^ elaborate set up devised by a Pennsylvania 
farmer for this purpose (Ref. 36). All the difficulties over air losses mentioned earlier apply 
even more forcibly when bales are to be dried and for this reason it is necessary to provide 
engine, fan and ducting capable of delivering three or four times as much air as would be 
necessary for mow-drying loose hay. The power costs of drying were estimated at about 
$3 per ton. One would expect the weak point of this system to lie in the costs of handling 
the bales from field to drier and from drier to final storage ; but no information on this is 
given. 

As a final example of the lengths to which American farmers or exj)erimenter8 are going 
in their efforts to arrive at weather-i)roof -haymaking there may be mentioned a paper by 
Anderson which describes a farmer’s own trials and experiences over 7 years (Ref. 37). In 
one of his schemes — ^tried on a considerable scale in 1945 — the hay was dried in the load 
and kept in the load until fed or sold. Special racks on which the hay could be loaded 
around a central metal spout were used. In the field these were carried on specially designed 
2-wheel trailers while, at the drier end the whole rack could be li‘fted off with its load still 
intact. Each load consisted of about 5 tons of partially cured hay. The drier consisted of 
fan, furnace and ducting so arranged that the hot air was blown up at floor level through a 
grating large enough to take 6 loads side by side. After drying — or, to be accurate, finishing- 
off — w hich was generally accomplished overnight, the loads were taken either to something 
on the lines of a Dutch barn or to be sheeted over in the field. This particular farmer sets 
down what is to be aimed at as the production of hay of maximum feeding value, the cost 
from field to cow to be as low as possible. In his view none of the existing barn curing 
systems — ^nor his own drying-in-the-load idea — meets these requirements. 

An account of hay baling on a West Yorkshire farm, with details of times and costs, 
has been published (Ref. 38). The baler was a small one of the ‘ slicing ’ type without 
automatic tying. In 131 hours, of which for various reasons over 40 were spent idle in the 
field, 84 acres of hay of three kinds were baled. On meadow hay, using the same machine 
in both cases, pick-up baling fromanevenswath was more than twice as fast as stationary 
baling from cocks. A straightforward cost comparison between orthodox haymaking and 
pick-up baling came out well in favour of the former which used slightly less labour and 
saved a tractor. No account was taken, however, of the greater convenience of having the 
hay in bales ; nor, on the other hand, was any allowance made for depreciation of the baler. 
Baling was also the riskier method in uncertain weather because of its slower throughput 
at the critical time, but this conclusion in particular — ^and perhaps the results of the whole 
comparison — ^might be quite different with a self -tying baler. 
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GRAIN HAKVEiSTlNG, 1)KYIN(^ AND STORAGE. 

The discussion at an N.F.U. conference on harvesting by combine showed that, if there 
is general agreement about the advantages of the method, there are widely varying opinions 
both as to the kind of machine that is wanted and the way in which it should be used (Ref. 39). 
In the main paper Cashmore dealt chiefly with points arising from observations during the. 
1 945 season including grain losses, the special care necessary with malting barley, windrowing, 
and the harvesting of small grass seeds. Amplifying and explaining the N.I.A.E. work on 
grain losses mentioned in last year’s Guide, he pointed out that in any particular crop there 
is a critical speed of travel above wliich losses are liable to mount rapidly, and that this 
ftj>eed tends to fall as the weight of straw taken increases. Cutter bar losses, however, often 
make up a high proportion of the total ; and these tend to rise as the speed increases inde- 
})endently of other considerations. Weedy crops greatly^ increase losses and in one crop on 
which accurate measurements were taken the normal sieve loss of 13 lb. per acre rose to 290 
lb. ]ier acre in a bad patch of thistles. 

All kinds of grass seeds have been combined siiecessfullv but close attention to detail 
and (^areful adjustment are essential. Cocksfoot is one of the most difficult, and a r}ioi(?e 
has nearly always to be made between start.ing early with the result that immature see<is 
are left in the straw and starting late with a greatly increased risk of excessive shattering. 
Two main topics for argument at the N.F.U. Conference were the size of the combine and the 
relative advantages of auger and canvas. Opinions from the large field arable areas 
naturally favoured wide, relatively slow-moving machines while those from mixed farming 
aivas equally naturally favoured narrow machines handy in lanes and gateways. In much 
th(' same way the Southern areas .seemed to prefer a canvas to an auger while those from 
the North took the opi> 08 ite view. Obviously there can be no ‘‘ always right ” an.sver 
to any question of this sort although, as a manufacturer pointed out, something nearei- 
unanimity of opinion will be essential if British-made combines are ever to be availabh^ 
at reasonable pricers. Among the other subjects dealt with was windrowing for which a 
number of advantages such as an earlier start, reduced losses, and a more mellow sample of 
barley were claimed. A brief account of 1945 experiences on the farm of one of the sj)eakers 
concerned has been given in another juiblication (Ref. 40). One contribution to the N.F i ^ 
discussion which deserve.s special notice was a very clear account by Bishop of the chenii<;al 
and biological aH])ect8 of grain drying. He dealt in particular with the formation of moulds, 
dormancy in germination, and the phenomenon knowm as “ case-hardening ” and drew 
conclusions about the essentials of drying equipment. As might be cxpecteyl he was in 
favour of thermostatic control, mixing during drying, and plants capable of taking out 
anything up to 15 per cent, of moisture without too much hurry. In a paper covering 
both the combine and the binder Chartres (Ref. 41) makes—on the basis of his own farin 
experience- some interesting cost comparisons with the results from Cambridge which wej’e 
published two years ago. The man-hours per acre required for harvesting wdth binders in 
each of three different seasons were much higher than those given in the (’am bridge re)>ort 
with the result that combines showed to even greater relative advantage. This pafKU* w as 
read in Edinburgh and was written with special reference to Scottish conditions. 

Two different sjiecial ways of dealing with oats had been tried. In one the oats wi^re 
bound and stocked for about 10 days. Then the sheaves were laid dowui, the bands cut 
and the crop picked up and threshed with a combine followed by a pick-up .straw baler. In 
this method weather risks were materially reduced and the straw recovered in good con- 
dition ; but there was no saving of man-hours in comparison with orthodox harvesting. 
The second method consisted virtually of windrowing after cutting by binder with trip 
mechanism and twine removed. This was an ideal method given spells of fine days but 
failed badly in the constant rain of 1944, An account of 1944 exi>eriences with combine 
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harvesters in S.E. Scotland, also indicates that they are not so ideal for oats as they may 
be for other crops (Ref. 42). The penetration of combines northwards started so recently 
that it is surprising to find that over 120 of them worked on the eastern side of Scotland alone. 
In what was a particularly difficult season the machines performed weU enough to convince 
the writers of the account that (iombining had come to S.E. Scotland to stay. They are, 
however, careful to point out that (in that jiarticular year) combining was not a cheap 
method of harvesting. 

A comprehensive bulletin on bin ventilation based on experiments at the 
N.I.A.E. and elsewhere has been published very recently (Ref. 43). In general, biu 
ventilation may aim at either or both of two objects : to keep moist grain cool during bulk 
storage so that growth of mould and the development of mustiness are prevented or delayed ; 
or to dry the grain. The experiments showed that ventilation with unhe *ted air, even with 
a very low airflow', was quite effective either in preventing heating in grain with a moisture 
(jontent of 20-22 per cent., or in cooling grain that had already heated. The ventilation 
only dried the grain to about 19 per cent. — ^the ‘ equilibrium moisture content ' for air of 
85 per cent, relative humidity. Moreover, ventilation only dela}^^! the development of 
mustiness : in two of the experimental bins mustiness developed after 30 days and in another 
after 40 days, while in three instances damage to germination was noted after similar 
jKrfods of storage. On the other hand when the ventilated air was slightly heated so that 
its relative humidity was reduced to 50 per cent, or so, bulked grain 8| ft. deep and initially 
at a moisture (content of 24 per cent, was dried to 14 per cent, in 17 days. 

Drying how^ever takes place from the bottom uj)w>irds so that the up£)er layers not only 
dry last but are subject to a stream of warm moist air right- up to the final stage. Further 
experiments are needed to show how long grain can suffer these conditions without damage* 
and, therefore, how great a depth can be heated safely in this fashion. Quite apart from th(‘ 
actual ex[)erimental results tliis bulletin givt's clear explanations of all the complicatc'xl 
traiLsfers of heat and moisture which take place and is well worth reading on this account 
alone. 

in this country the general idea of bin ventilation developed out of the use of pneumatic 
elevation as a means of getting grain almost anywhere without appreciable expenditure of 
labour. An account of N.I.A.E. experimental work on this subject also gives information 
on sizes and design useful to those intending to instal such equipment (Ref. 44). 

in spite of all that combines have accomplished, and of the gi’eat wartime increase in 
their numbers, the great bulk of Britisli-grown grain is still dependent on the stationary 
thresher. A good few American ma(;hines have been imported to help out the work, and 
there have been many arguments as to their relative efficiency in comparison with those 
of our own manufacture. Some positive information on this question is given in a recent 
report from Cambridge (Ref. 45). The American machines had drums of the peg-type, a 
good deal narrower than the beater drums on the British ones, hut gave at least as high 
throughi)ut. Moreover, because of their labour-saving attachments such as the conveyor 
feeder, band cutter and straw and chaff blowers they needed fewer men. The straw and 
chaff blowers, however, were not an unmixed blessing. Cost comparisons between the two 
types of machine (where both were farmer-owned) came out strongly in favour of the 
American type. With wheat, for example, the cost was 48. lid. per quarter in the one c.ase 
and only 26. 8d. in the other. A number of suggestions for improving the British machines, 
both to reduce labour requirements and to lower overall costs, were made as a result of the 
study. 

ROOT CROP MECHANIZATION. 

Another report on trials of « segmented beet seed has been received from Michigan 
(Ref* 46). This is one of the states in which beet is grown under non-irrigated oondiHons, 
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And in which particular interest is being taken in seed developments. It is here, for example, 
that “ jyelleted beet seed is being produced commercially. In the pelleting process the 
seed is segmented and the segments coated with a material— -of unknown composition but 
said to contain both fertilizers and fungicides — so as to form ‘ pills ’ of uniform size and 
shape. The process is being applied to a range of other seeds as well. 

The value of the Michigan trials was reduced by the fact that following a most unfavour- 
abl(^ germinating and growing season the yields were only around the 5 tons per acre mark, 
i.e., about half the normal for the land concerned. Subject to this, the results were 
definitely in favour of segmented seed. In comparison with normal setnl : plant stands 
were nearly as high and yields ware slightly higher ; while the overall singling labour required 
was significantly less by about per cent. It was noted that the drill used was far from 
}}erfect ; and the distribution of segment(»d seed in the drill-row’s far from uniform. In 
view of the abnormally low^ yiedds conclusions as to seed -rates are hardly worth reporting 
here. Widespread trials of segmented seed are being cairied out in this country with, so 
far as one can make out, rather mixed results. One broad result is that while general opinions 
at singling time are very often ])essimistic about segmented seed, they tend to grow more 
optimisti(5 as the season advances. Segmented seed is certainly more ‘ touchy ’ about 
germinating (conditions, and on land liable to cap give.s the impression that the relatively few 
vial)l(‘ seed germs sown have hardly ('iiough combined energy to push their shoots through 
the crust. However, the* resulting jdant, or yield, is satisfactory, and there is no doubt 
about the renlucticjn in singling labour that follows the use of segmented seed. 

Cleneral progress in root harvesting has been reviewed in a paper by We^st and the present 
writer (R(‘f. 47), With potatoes the most imj^K)rtant acjcornplishments in labour-saving 
so far have come from relatively simple developments like the wider use of elevator diggers 
or, where these are not practicable, from the use of power-driven spinners. One recicnt 
imj)rovement — a defk^c^tor attachment for elevator diggers which both places the potat(x\s 
in more compact rows and enables tlie digger to w^ork continuous!}' — has been described in 
more detail elsewhere (Ref. 48). Modifications of this kind aim sim])ly at getting the 
potatoes out more eleanly and placing them more compactly, leaving them to 1x5 picked up 
l)y hand as before. Various complete harvesters which aim finally at putting the potatoes 
into the cart ar(% however, in process of development. The one virtue of the potato spiimer 
— whateve^r its imj)ei’feotions in other directions — is that it gives much the same general 
level of performance in all types and conditions of soil. By contrast, elevator diggers— and 
all the com]ilete harvesters which use elevator eliain as the main separating moehanisiii — 
arc* less versatile ; they are too vulnerable on sharp or stony soil, and too liable to block- 
age on wet or heavy soils. On the other hand, the various rotary appliances that are being 
tried experimentally all need the trash to be removed or disposed of in advance ; and this 
problem needs, anci is receiving, independent study. 

Developmental work on the harvesting of genuine root cro})8 has so far been confined 
mainly to sugar beet because of the outstanding importance of this crop over the last few 
years. But, as West and the writer point out, advances in sugar beet liarvesting are likely 
to be followed fairly quickly by corresponding developments w ith other farm root crops. 
The work in progress at the N.I.A.E. on this problem has been described in vsome detail 
(Ref. 49). Following critical trials of all available beet harvesters a good deal of intensive 
experimentation with components has been going on. As one step in tlie process, w^hat 
may be called a ‘ hybrid * prototype was built for trial last year. Finall}^, a real prototype 
embodying all the experience so far gained but no longer in any way a hybrid, is now’^ 
nearing completion. In particular, this aims at putting both tops and beet into separate 
windrows, for mechanical loading if necessary, without in any way lowering the general 
standards of work expected from experienced hand workers. Whether this particular 
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machine comes to anything remains, of course, to be seen ; but there is no doubt that the 
work in progress on these lines — ^whether at the N.I.A.E. or elsewhere — will prove fruitful 
in the not too distant future. 

A number of American beet harvesters have been tried — with rather limited success — 
in this coimtry, and an account of what they have accomplished in the conditions for which 
they were developed is therefore of interest (Hef. 50). This is written by an American 
expert who spent some months over here last year. In some areas much more progress than 
wC have so far accomplished has been made, in the sense that a far greater proportion of the 
crop is now being harvested mechanically. As a supplementary note points out, however, 
practical!}^ the wliole of the area concerned is irrigated and the resulting conditions are quite 
different from ours. Mechanization has also involved a lowering of standards, particularly 
as regards topping, quite beyond anything our growers or factories would b^ likel}" to tolerate. 

MISCELLANEOUS. 

If at any time prior to 1939, grass drying had ‘ settled down ’ into a farm process 
capable of fairly general application it would have been of incalculable benefit to British 
Agriculture both during the war and at the present time. In fact, it had not settled down 
in this way and consideration of the outstanding problems on which more general application 
w(»uld depend had to be deferred for the time being. It is solely for this reason, and not 
because of any doubt as to whether grass drying is worth going on with, that the subject 
is relegated to the miscellaneous section of this article. There are only two papers to be 
dealt with : an N.F.U. Bulletin on the jirocess as at present (carried on in Sweden ; and 
wliat may be called a ]>reliminary re-opening of the subject at an N.F.U. conference in this 
country (Refs. 51 and 52). The Swedish account deals almost exclusively with the overall 
(‘conomics of grass drying and gives little or no information about the design of the equip- 
ment concerned or the way it is used in practice. Nor does the bulletin itself give any clue 
to its origin ; for example, whether it is simply a translation of something first published in 
Sweden or wlu^ther it w^as specially written for the occasion. The main theme of the other 
jjaper is the potential importance of grass drying and the need for tidying up the equipment 
which it involves. Broadly there are throe more or less distinct things to be tidied up : the 
gi-ass drying appliance itself ; the picking-up and transport equipment which keeps it going ; 
aufl the system in which the t\vo fit together. 

U}) to now grass driers have fallen between two stools : the ideal of a cheap portable 
(‘\ eryman outfit on the one hand ; and something more suitable to factory than farm on 
the other. In either case there are quite inexorable thermodynamic relations between 
pounds of moisture removed and pounds of fuel burned to be reckoned with. None of the 
inventors in the small portable field of thought has yet reckoned with these successfully. 
The large plant on the other hand has not yet proved fully compatible in practice with the 
very different rates at wliich grass g^ow^s at different times during the nominal drying 
season. As a re.sult users who started out with the intention of producing dried young grass 
have sometimes been satisfiexi with so-called “ super hay,” and from this uncertainty as to 
what material w^as in question has come much of the difficulty over the evolution of satis- 
factory equipment for loading and transporting. Enough has been done already to show 
that grass drying is not just a wild idea, but real practical success is unlikely to come without 
more and better research and experimental effort than has yet been applied. 

As it happens crop drying also figures prominently in the only electrical contribution 
that calls for notice this yf‘ar. This is a further report by Cameron Brown which deals with 
tlie possibilities of Ekictrification in Highland Agriculture (Ref. 53). None of its material 
is new, nor is any of it very spet^ially concerned with the particular area in question. The 
report, however, provides a very useful summary of potential applications, in which, for 
those interested, each it(*m is related to the Highland background. g j WRIGHT. 
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Tm literature on soil science and the production and use of fertilizers grows so rapidly that 
in a short annual review it is possible to pick out only a few sample papers to illustrate some 
of the main lines of progress. In a science largely devoted to interpreting natural conditions 
and practical experience there can be very few individual advances as fundamental or as 
spectacular as those occasionally made in the pure sciences or in their industrial or medical 
applications. Most of the papers published necessarily deal with the details of a group of 
experiments in the laboratory or field, or with the soils and crops of a rt^stricted area. A 
useful guide through the mass of pajiers is jirovided by the quarterly abstracts entitleil 
“ Soils and Fertilizers,” published by the Imperial Bureau of Soil Science, and subsequently 
list/cd in title only in a decimal subject-classification in the Bureau’s Bibliography of Soil 
Science, Fertilizers and General Agronomy. The fourth volume covering the 3 ^ear 8 1940 to 
1944 has recently been issued. A useful supplement to those abstracts is provided b,y 
monographs and symposia on individual subjects, such as the Technical CommunicationB 
of the ten ImfKTial Agricultural Bureaux and those preT)ared for the numerous International 
and Imperial Conferences held during the last. 3 ’ear or two. During the Em]>ire Science 
Conference in 1 940 convened by the Royal Society, there were sympovsia on current problems 
of agricultural science and on soil conservation. Much attention was also given in this 
Conference and the official sectional conferences which followed, to the pressing problem of 
securing better machinery for dif fusing scientific knowledge so that the individual specialist 
or practicjal man could more readily find the items of prime interest in his work. In EnglaiKi 
and Wales the setting-up of the reiorganised National Agricultural Advisory Service as from 
October Ist, 1940, should graduall^^ provide the means for ensuring much closer contacts 
between farmers and research workers, for their mutual advantage. 

I. SOIL SURVEYS AND LAND CLASSIFICATION, 

Any consideration of soil problems and every act of practical husbandr^^ necessarily 
involve some system of classifying soils or land, even though this may be based on nothing 
beyond traditional exfwrience. As the range of contacts increases and new practices have 
to be considered, it. becomes essential to find some more objective basis for recognising the 
similarities or contrasts between soils in different areas. A farmer needs to know how far 
ho may expect to repeat on his own land the experience of a neighbour or the results of an 
experiment elsewhere. Governments and planning authorities need to know the actual or 
potential values of various sites. In this country we have so much well-established practical 
experience of our fields that there was until recently little call for any more formal examin- 
ation than was provided by occasional opportunities for adjusting rentals, changing tenancies 
or buying farms. Now quite new problems must be faced. It is agreed on all sides that the 
fertility of our land is a national asset that must bo conserved and, if possible, improved, 
but it is becoming increasingly necessary to decide how to compare the economic and social 
value of a new town, factory or a<M^odrome with the potential value of the agricultuial land 
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Jost. Again, it may be necessary to com})are the costs of an expensive drainage scheme 
with the likely gam in productivity of a whole region or to decide between afforestation and 
hill -farming for definite (^lasses of land. All these considerations demand some acceptable 
system of land classification. 

In many countries without the landlord -tenant system some substitute for rentals had 
to be found as a basis for rural taxation. Land has been classified for this purpose for at 
least a century in (Germany, India and many other countries. Where agricultural settle- 
ments extended rapidly during the nineteenth century, as in the United States and Russia, 
there w^as a compelling need for some technical information about the soils of new areas, and 
this led to the first scientific treatment of soil survejdng. In the older couniiies the farmers' 
need for advice on the use of newer materials, machines and methods led to attempts to 
classify soils by chemical, physical or biological analyses in laboratories or experimental 
stations. These early systems inevitably emphasized the physical and chemical properties 
and the geological origins of individual soils. Over vast contijiental areas it seemed that a 
more satisfactory basis would be provided by interpreting the various characteristics of the 
soil section or jirofile in relation to the conditions under which the soil had l>een formt^d. 
One school aimed at building uiJ a ])ure scuence treating soils as natural bodies w ithout regard 
to questions of productivity. Witliin the last dozen years or so there has been a marked 
reaction against this extreme view, especially in the United States and the Soviet Union, in 
favour of giving more emphasis to classifying for land-use. (5. V. Jacks. Director of the 
Imperial Bureau of Soil Scdenee, has recently reviewefl the whole subject in a Technical 
Communication (No. 43) entitled Land Classification for Land l'st‘ Hanning,” The 
general jiroblem is, first, to decide the most aj)propriate methods for describing those 
characteristics of soils which may be regarded as inherent and substantially p(?rrnanent, and, 
then, to consider how the information which has been catalogued, classified, and mapjied, 
can best be combined with the relevant economic factors, which, by their very nature, cannot 
be either j)ermanent or capable of being foretold. Some systems aim at combining both 
kinds of information into a single figure in much the same way as judges may use a score- 
card in the show' ring. If the information is sound, this method may work admirably for 
solving specific problems, such as the choice botw'een two alternative sites for a factory or 
forest, but it can have little general value since it is imjK>ssible to find weighting factors ** 
for individual features with more than local or temporary significance. Systems of rating 
for individual factors have, however, proved useful for estimating relative productivities, 
because the results can be checked and the methods kept under constant review by com- 
parison with practi(^al experience in both old and newly settled areas. 

When the classification is intended to aid planning for drastic alterations in the methods 
of using land, there is much to be said for keeping the various categories of information as 
simple and as distinct as possible. This will allow the readjustments to be easily made 
and will render the broad lines of the plan more intelligible to those most directly concerned 
in liaving to live and work under tlie new' plan. The experience of the Tennessee^ Valley 
Authority is of gi*eat interest in cjonsidering both the technical details required for planning 
land-use and the much more difficult problems of strategy and tactics in making the plan 
and carrying it into effect. D. E. Lilicnthal in his Penguin book ” T.V.A. ” emjjhasisee 
that the planners must not aim at a compIeti‘d blue-print. They should start from things 
as they are, jioint a general line of develojiment and be ready at all times to revise the 
details in determining the next step, ” The l)eople must be in on the planning. . . 
Not one plan, once for all, but the conscious selection by the i)eople of successive 
plans.” 

A'good example of the technical review of the agiicultural problems of a large region is 
afforded by B. A. Keen’s The AgricMUnral Development of the Middle East^ which is one of 
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four reports (Ref. 1) made to the Director-General of the Middle East Supply Centre in 1945. 
This book will interest many without immediate concern in the Middle East, because it 
shows how quite general agricultural problems bear on the well-being of people living under 
highly contrasted cultural and economic conditions. It also records the progress made in 
developing a number of novel systems of agricultural production. Keen breaks away from 
the purely geographical treatment and, instead, discusses such questions as the obstacles 
to agricultural improvement, methods of raising agricultural standards, scientific and 
t echnical problems, and the supply and development of agricultural information and advice, 
with illustrations taken from all the countries concerned. In this way he has described 
and compared a number of isolated large-scale agricultural developments, some of which 
may prove of the greatest value as models for other parts of Africa and India. It would be 
difficult to find elsewhere accounts of many of these Middle East schemes, c.g., the irrigated 
cotton of the Sudan Gezira, the Jewish agricultural settlements of Palestine, the Italian 
( olonisation of Libya and the co-operative societies of Cyprus. 

Brief reference may be made to two other recent books. S. Graham Brade-Birks’ 
admirable and cheap little book “ Good Soils ’’ gives an excellent introduction to those 
fiHjxicts of soils which form the basis of soil survey systems. L. Dudley Stamp’s “Britain’s 
Structure and Scenery ” in the “New Naturalist series gives a most attractive and well 
illustrated account of the geographical features and geological history ot our land and 
includes an elementary introduction to modern soil classification. 

R. Glent worth and H. (}. Dion (lief. 2) have briefly described the methods and present 
[) 08 ition of soil survey in Scotland. All the soils fall within the podzolic “ Great Soil 
( iroup.” They are, first, grouped into Associations by the geological nature of the parent 
material from which the}’ were derived, and each Association is then subdivided into about 
Associates, according to the degretj of natural drainage. The soil types differentiatetl 
by the drainage conditions are those which the farmer commonly recognizer as soil differences 
in his fields. They form the fundamental units which the soil surveyor maps. It is hoj>ed 
t hat a soil map of Aberdeenshire prepared in this way on a scale of ono-inch to the mile will 
be (completed in 1940. 

In Scotland tin? two ])rincipal soil-forming factors— }>areiit material and drainage — 
together with all the vegetational and other conditions necessarily associated with them, 
provide a comparatively siiiqile basis for classifying and map])ing soils, but many other 
factors have to come in where there are greater variations in climatic conditions, as e.g.. in 
many of the African c?olonies. 

Those who may be tempted to over-simplify the technical aspects of survejdng soils 
or (dassifying land should glance at the apjiendix to G. V. Jack's Technical Communication, 
where C. E. Kellogg’s “ Outline of a U.S. Soil Survey Report ” is reprinted from the official 
Soil Survey Manual of the United States, A good example of the application of these 
methods to tropical conditions is given by the Soil Sxirvey of Puerto Rico (Ref. 3). 

II. SOIL FORMATION AND MINERALOGY 

The development of adequate methods for studying soil minerals is essential in esti- 
mating the ultimate reserves of plant foods in soils, in following the processes by w^hich soils 
develop from the underlying rocks and in intei’preting some of the most (baracteristic 
features of soils, e.g., their power to retain exchangeable bases and to form crumbs. The 
older petrological methods for identifying sedimentary rocks by their assemblages of heavy 
minerals have been employed from time to time to distinguish various glacial and other 
superficial drifts, which provide the parent materials of vast areas of soils in the northern 
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temperate regions. They have also been found useful occasionally in parts of the tropics 
where the weathering of rocks proceeds very rapidly. Thna, in Java it is possible to 
determine the age and potential agricultural value of contrasted but geologically recent 
volcanic deposits. In the Congo (Ref. 4) simplified methods of determining the mineral 
composition of light and heavy sand fractions have been found suitable for distinguishing 
between two classes of land of very different agricultural value : those with sufficient 
reserves of unweathered minerals and those treacherous soils which carry luxuriant vege» 
tation but are intrinsically poor in mineral reserves. Under high forest the nutrients are 
fully mobilised and circulate rapidly between the vegetation and the decomposing litter of 
the forest floor. Once the forest is cleared and much of the top soil lost, the raw subsoil 
may be very poor indeed, as many early planters found to their cost. 

Until recently comparative!}^ little progress has been made in using heavy minerals in 
studies on the origin and development of soils. J. P. Haseman and C. E. Marshall (Ref. 5), 
using improved methods on soils derived from loess (wind-borne dust) and other materials 
in Missouri, have shown how the degree of admixture between these materials can hi* 
determined and how the formation of clay by weathering and its translocation within the 
profile can be followed. The very resistant and immobile mineral zircon was chosen as the 
best indicator of changes taking place in other minerals. 

In a parallel investigation on two other soils with heavy impervious clay in Missouri 
and Illinois, E. P. Whiteside and C. E. Marshall (Ref. 6) succeeded in dividing the clay 
fractions of the ordinary mechanical analysis into a number of still finer fractions by 
adapting the two layer method of separation to the Sharpies supercentrifuge. Some of the 
size fractions differed markedly from others, but fractions of the same size from the same 
parts of the two profiles examined in detail exhibited remarkable similarities in propeiiiies. 
Several of the modern methods of studying soil colloids by the ultramicrosco])e, the 
electron microscope, X-ray patterns and electrical double refraction were employed in 
attempts to determine the mineralogical composition of fractions beyond the limits of direct 
microscopic examination. The authors emphasize that no one method is adequate by itself 
to characterise clay minerals but that all available chemical and physical methods must be 
employed together. This view is also stressed by G. Nagelschmidt (Ref. 7) in a review of 
methods for the mineralogical examination of soil colloids with especial reference to X-ray 
and dehydration methods. 

It is now known that the most characteristic minerals of the clay fractions of soils consist 
of individual unit layers built up in a regular pattern of atoms of oxygen, silicon and 
aluminium and stacked loosely together like a somewhat untidy pack of cards. In some of 
the minerals the layers are held apart by water molecules with or without certain 
exchangeable bases. The way the distance between the layers changes with the amount of 
water and the kind of base serves to characterise minerals of the montmorillonite group, and 
may play an important part in determining the physical and chemical behaviour of many 
heavy soils. It has recently been found by D. M. C, MacEwan (Ref. 8) that the water in both 
montmorillonite and halloysite clay minerals can be replaced by certain organic compounds, 
and that the minerals so treated may be distinguished much more precisely by X-ray 
methcxls. This line of approach not only provides the clay mineralogist with a promising 
new technique but points to the possibility that its extemion may ultimately provide some 
satisfactory method for examining one of the most fundamental and important problems in 
soil science : the nature of the interaction taking place between organic matter and colloidal 
m i ne rals in the formation of the characteristic colloids of soils and the formation of soil 
crumbs and tilth. 
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Two examples of rcisearcjhes on the borderline between soil science and geology 
may be mentioned to illustrate how these sciences serve one another. The first concerns 
the first stages in the weathering of exposed massive rocks. It is commonly assumed that 
the formation of soil from solid crystalline rock begins with a purely mechanical breakdown 
of the rock, followed by some chemical weathering and then by the growth of living 
organisms. B. B. Polynov (Ref. 9), the leading Russian soil mineralogist, has suggested that 
it is impossible to distinguish these three stages. He found that the exposed surfaces of 
granite-gneiss rocks were colonised by lichens, which absorbed plant foods directly and 
flaked off fine fragments of rock, leaving a fine powder rich in organic matter, plant foods 
and clay minerals. This powder provided a medium on which higher plants could grow and 
soils form. 

The second example illustrates how apjiarently unrelated facts may be interpreted in 
terms of the history of tlui land surface through the fluctuating climates and sea levels of 
the glacial })eriod. A small area of South Australia presentc^d acute problems in gt^ological 
and soil classification because it containexl such contrasted surface deposits as sand dunes, 
crusts of limestone and bands of ironstone with all the characteristic soils associated with 
them. There were also pecidiar distributions of deficiencies of copper and cobalt in plants 
and animals. R. L. Croi*ker (Ref. 10) has shown how order can be made out of what seemed 
like chaos by ])OKtulating that extensive calcareous sand dunes and sheets were built up 
from an exposed continental sludf when the sea level was much lower than it is now. The 
sand dunes are assumed to have been winnowed during a later arid period to provide the 
mtisses of calcium (jarlKUiate which later was cemented together in a wetter period to form 
travertine. The remaining sands subsequently underwent ‘‘ lateritic weathering ” leaving 
tlie ironstone bands. It had previously been assumed that the surface layers of limestone 
had been formt^l by th<‘ uprising of hard waters. This view is contrary to the results of the 
rc'searches of B. A. Ke(m and other soil physicists, who have demonstrated that water rarely 
l ines in soils more than a few feet above the water table. It is also negatived by repeated 
failures to find the expected water-tables and by the lack of calcium in the underlying 
sands. BotJi in soil surveys and soil fertility investigations in newly develojKjd countries 
efforts should made to work out the recent geological history of the land surface. Many 
of the vast ironstone sheets — sometimes termed “ laterite ” — which cover large jiortions of 
Afri(ia cannot possibly have been formed under their present climates and vegetation. The^' 
are esstmtiaUs’ fossil, 

111. AVAILABILITY OF PLANT NUTRIENT8. 

Although advisory work based on soil analysis has abundantly justified itself in dealing 
with the more unusual types of land ploughed out during the war, and in solving jjroblems of 
allotting extra phosphate and potash to individual counties, farms and fields, those who are 
most familiar with the methods of soil examination are the least contented with them. 
Some farmers and even a few of the local advisers may assume that the chemist has only to 
determine the available plant food by a simple analysis and then by subtraction say how 
much more is needed for a given crop. The naive view is not merely misleading but may 
obstruct progress by bringing soil investigation into disrepute and preventing those syste- 
matic field trials, surveys and investigations which are essential if real progress is to be made 
at all rapidly. The new National Agricultural Advisory Service should soon show the need 
and provide the opportunity for a more rational approach to the whole subject. Only an 
almost trivial fraction of the total amount of any plant food in the soil is available to crops at 
any one time, and there are imnumerable complicating factoi-s preventing any simple solution 
to the problem of estimating the amounts actually available. Many of these must bo 
established empirically by field trials on carefully classified soils. 
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In several countries reviews have recently appeared on the results of wartime experience 
of advisory work based on soil analysis. Writing in the Ministry of Agriculture Journal 
on the successes and failures of current methods, N. H. Pizer (Ref. 11) emphasised the 
im}3ortance of adequate and careful soil sampling in the field. In old grassland and in fruit 
orchards it is particularly necessary to take samples from successive layers of soil. Cases 
H.YV not lacking of extravagant, and sometimes even dangerously excc^saive, manuring in 
ton)ato houses. The accumulations of readily soluble phosphate and potash may be many 
times greater than the normal annual application of fertilizers. Advice to omit one or both 
of these plant foods temporarily was often followed successfully without reducing either the 
quantity or the quality of fruit. As a recent addition of soluble phosphate and, perha])s, 
potash may sometimes have a useful stimulating effect on early growth, it might often b(‘ 
safer, where soil analysis reveals high reserves, to make a drastic cut in the rates without 
completely omitting any one of the principal plant foods. 

In the early years of the war a characteristically ambitious project was initiated in 
(Germany to analyse for lime, phosphate and potash, soil samples taken from every half -acre 
of agricultuial land. Many million soil samples were in fact analysed. A review (Ref. 12) 
of the difficulties in interpreting the data led to the suggestion that it would be sufficient to 
classify the individual fields of a farm as poor, medium and ri(;h in a given plant food. By 
adjusting his manuring the farmer might then aim at bringing all his fields to a more uniform 
level of productivity. 

In Denmark (Ref. 13), where the technique of manuring is highly developed, surveys 
for lime requirements have been proceeding regularly since 11105. Most farms now ])08S(5 hs 
detailed pH or soil reaction maps, which provide the basis for liming, choice of fertilizers and 
many other practices. Until the beginning of the war it was customary, as in the United 
Kingdom, to make soil analyses for phosphate and potash mainly on unsatisfactory soils, 
and to stick to the older conventional methods in which practical experience had hitherto 
been exiuessed. A new deve]ox)ment is to apply the most modern methods of soil analysis 
systematically over wide areas. The standard analytical scheme is used on 10(),()0() soil 
samples each year. At the same time the large number of fi('ld trials of simple design on 
lime and fertilizers intended mainly for local interest and demonstration is l>eing replacied 
by a schemes of mon^ elaborate comparisons bet ween soil analyses and the actual behavioui- 
of lime or individual fertilizers on each of the principal typ^H of soil. 

Another Danish paper (Ref. 14) draws attention to the danger of relying too exclusively 
on plant analyses for diagnosing nutrient deficiencies. Very often a j>oor croj) shows a 
relatively high concentration (percentage on dry matter) of an element in short supply, just 
because the deficiency restricts growth. If a small amount of the nutrient in question had 
been supplied, the c^ro}) would have made a more than proportionate response in growth and 
the additional dry matter i)roduced would have so diluted the extra amount of nutrient 
absorbed, that its concentration would fall. With still further amounts of the added nutrient 
the concentration v ould begin to increase once more until it might finally reach high values. 
It is suggested that analyses for nutrient concentrations should never be used alone, but in 
conjunction with ether methods of observation, preferably including the actual response to 
treatnumts in field plots or in pot cultures. 

In work carried out at Versailles, G. Barbier and his colleagues (Refs. 16 and 16) have 
queiied the common assumption that the increased total uptake of a given nutrient by crops 
on treated plots affords a sound basis for estimating the efficiency of the fertilizer. The 
extra uptake of phosphate from rich pockets of soil may be compensated within the plant 
itself by a diminished uptake from other parts of the soil. The low percentage recoveries 
of phosphate from most soils are not necessarily due to phosphate fixation but may result 
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from a parely physiological auto-regulatory mechanism of the plant. In pot experiments 
comparing 8uperpho8j)hate added to soil contained within a number of small wire cages 
buried in a large mass of untreated soil with the same amount of superphosphate uniformly 
distributed throughout an equal mass of soil in other pots, about two-thirds of the added 
pho8]>hate was recovered from the soil w'ithin the wire cagc’js, though the average recovery 
from the whole mass of soil was, as usual, small. The ])lants took a large amount of 
phosphate from the rich pockets and very little from the rest of the soil. Unfortunately* 
the experiment station was bombed before crop yields could be obtained. This kind of 
investigation has important b(*arings on the jilacement and granulation of fertilizers because 
these methods provide^ jneans of ensuring adequate supplies of available phosphate locally 
in the early stages of growth, even Uiough the ultimate total ui)take of phosphate may not 
be affected. Sometinu's th(^ rapid establishment of a crop is of great practical importance 
as an insurance against adverse c;onditions later. Another illustration of thc^ advantage 
fi'om irregular distribution of plant nutrients is given later in this He])ort in considering th(‘ 
i clative effects of coarse and fine limestone. 

Direct, evidence of the transfer of plant nutrients through i>lant roots from one part of 
the soil to another is afforded by physiological exjieriments in Moscow (Ref. 17). Plant 
nutrients nury be ra])idly transferred m both directions between to])8 and roots, and those 
tak(‘n up from one jiart of the root system may be excu’eted somewhere else where the soil 
conditions arc different. Thus, calcium taken from on<‘ horizon in a soil may be transferred 
io another r(?gion rich in soilium and lacking c^ilciurn, in much the same way that water can 
move through the plant from moist to dry zones. This effect may account in part for the 
ameliorative effect of plants on solonetz (‘* alkali '' ) soils rich in w'ater-soluble or exchange- 
able sodium. 

Iti is probable that many of th<‘,se problems on the borderline between soil c;hemistry and 
j)lunt })iiy8iology will })rove amenable to more critical treatment when they can be undertaken 
with “ marked ’’ or “ tractor ” elements, which can be followed by their artificial radioactivity. 
In the meantime it should be obvious that the soil analyst cannot be expected to cover all 
these eomj)licating factors in the simple extractions he can use in routine analyses for 
advisory w ork. All he can do is to compare groups of soils where conditions are generally 
siniilar and calibrate his methods and limits by practical exfK*rience or by the results of 
(^)-ordinate(l series of field experiments. 

IV. FERTILIZER SUPPLIES. 

With th(^ relea.se of official statistics it is now* po.ssible to follow the annual consumption 
of fertilizers in the United Kingdom throughout the war years. The Ministry of Agriculture 
has very kindly supplied data for the total consumption of the three main classes of 
fertilizers, expresse<l in terms of actual plant foods. Tliis provides a more complete picture 
than can be obtained from the returns in the Monthly Digest of Official Statistics. The 
annual totals are set out in Table 1, together with the total acreages of the three principal 
classes of agricultural land. The acreages of arable land and of tillage land (Lc., crops and 
fallow, or arable land less temporary grass) provide an index of the progress of the ploughing- 
up campaigti. As the use of phosphate and potash on grassland was ynohibited during the 
war in England and Wales (apart, from a small allowance for dairy pasture, in the last year 
or two), and as only very modest amounts of nitrogen were used on grassland, figures ob- 
tained by dividing the total consumption by the total acreages of tillage land ma}* be taken 
as showing the general changes in the average rates of dressings for arable crops. Similar 
figures are given in terms of arable land to facilitate comparisons with other* periods or other 
countries. 
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TABLE!. Fkbtilizeu coNSUMFrioK in the United Kingdom and total akkas op tillage land 

(CHOPS H' fallow) and grassland. 


Million acres, J une ^ih 
Tillage 

Temporary grassland 
Permanent grassland 

Total consiimpton of 
fertthzers 

for year ending June 30th 
in thousand tons plant food 
Nitrogen 
Pliosphoricj acid 
Potash 

Average fertilizer dressmgs 
cwts. plant food per ] 00 
acres of tillage land 
Nitrogen 
Phosphoric and 
Potash 

cwts. plant food per 100 
acres of arable land 
Nitrogen 
Phosphoric acid 
Potash 

Total comumption of triple 
superphosphate irh 
tkousarid tons product 


1939 

1940 

J941 

1942 

1943 

1944 

1945 

1946 

s.si 

10.49 

12.71 

13.67 

14. .51 

14.5.5 

13.85 

13.33 

4.09 

3.86 

3.53 

3.83 

4 . 22 

4 72 

5.33 

5.72 

18.77 

17.08 

15.11 

13.71 

12.33 

11 74 

11.84 

11 98 


60 

77 

128 

168 

171 

181 

172 

(Est.) 

167 

170 

196 

233 

287 

303 

344 

346 

361 

75 

85 

47 

62 

73 

113 

116 

120 


14 

15 

20 

25 

24 

25 

25 

25 

39 

37 

37 

42 

42 

47 

.50 

54 

17 

16 

7 

9 

10 

16 

17 

IS 


9 

n 

16 

19 

18 

19 

IK 

18 

26 

27 

29 

33 

32 

36 

36 

38 

12 

12 

6 

7 

8 

12 

1 2 

13 



3 

60 

89 

112 

48 



There was a very great increase in the use of nitrogen, mainly as hoine-])roduced sulphate 
of ammonia, in 1941 and 1942, and towards the end of the war the total consumption was 
nearly trebled. The average rate of dressing remained substantially constant from 1942 to 
1946 at twice the pre-war rate. This represents an average dressing of less than 1 cwt. 
sulphate of ammonia per arable acre, a very ordinary dressing for cereals in all but the 
wettest regions, and there is therefore no reason why the rate of consumption should fall 
appreciably, as long as supplies remain available and the price structure for crops and raw 
materials remains substantially unaltered. 

In spite of the difficulties of importing two raw materials — rock phosphate and pyrites 
— ^t.o make superphosphate, the total consumption of phosphate fertilizers was doubled 
during the war. The average rate of dressing on arable land went up by one-half to the 
equivalent of around 2 cwi). war-time superphosphate (18% P 205 ) per arable acre. Such 
increased consumption was essential if the effort put into ploughing up was not to be wasted, 
because^ much of the old grassland ploughed out was notoriously deficient in phosphate, as 
in lime, and needed considerably more phosphate than old arable land carrying the same 
crops. The permit scheme and all restrictions on the use of phosphate fertilizers were 
withdrawn in July 1946. Now, the immediate need is to maintain the wartime rates of 
dressing, especially on the newer arable land, and to begin to make good the accumulated 
shortages on pastures, especially for young stock and dairy cows. The figures in the last 
line of Table 1 record the rapid increase in the use of imported triple superphosphate to a 
maximum of 112,000 tons in 1944, when il^ provided about one-sixth of the total phosphoric 
acid used. Supplies subsequently dwindled away. 
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Potash, which came almost exclusively from Germany and France before the war, 
presented much more acute problems. By 1941 supplies had fallen to almost one-half. 
The need for potash was then particularly great to ensure the success of potatoes and 
vegetables, and even of cereals on some of the thin or light soils ploughed out from the 
chalk and certain sands. In spite of grave shipping difficulties the position had greatly 
improved by 1944, when, thanks to a special effort, total supplies had gone up to about 50 
})er cent, above the pre-war level and the average pre-war rate of dressing had again been 
l eached. The farmer who used the available potash on those soils and crops that needed it 
most, suffered less through tht^ shortage than the fruit grower who used a good deal of potash 
before the war, but was allowed none under the jiermit scheme which, incidentally, still 
jemains in force. If and when supjilies imjirove sufficiently to allow the removal of all 
restrictions, the demand for ])otash should increase considerably, as many farmers and all 
fruit growers will have much leeway to make up. 

There can be no doubt that improvements in the use of feHilizers through jiractical 
(‘xperience, advisory work and field ex])erimentation on fitting manuring to the actual needs 
of specific crops and soils was one of the most potent factors in the success of the food pro- 
diK^tion cani]jaign. Much of what has been learnt will still serve for years to come in 
improving the yields and qualities of our crops and the fertility of our soils. 

Fertilizer supplies in other countries followed very different patterns. The United 
States were able almost to double their consumption of each of the three plant foods, reaching 
totals for 1945 of 640,0(X) (short) tons of nitrogen, 1,368,0(K) tons phosphoric acid and 746,000 
tons of potash. By contrast, Belgium (Ref. 18), w^hich formerly used fertilizers at ver^' 
lieavy rates, was able to kccq) its nitrogen consumption steady at around 60,000 (metric) 
tons until 1944, and to in(Tcas(* its potash consumption from 60,000 to 107, OIK) tons by 1942. 
By this time its consumption ot phosphoric acid had fallen from 70.0(K) to 21.000 tons. In 
1938-39 the average dressing was about 0.45 cwt. of each of the three plant foods per arable 
JKjre, a total of 1.35 ewis. w ith a 1 : 1 : 1 ratio for N ; ; K,0. This was almost threc^ 

limes the rate in tlie [Inited Kingdom (0.47 ewts. of N -f PgOH-KeO per arable acre with 
a ratio of 1.0: 2.8; 1.2). Byl 942 the Belgian ratio had changed to 1 .0 : 0.3: 2.0 and by 
1946 the United Kingdom ratio had changed only to 1.0: 2.2: 0.7. 

The United States Dc^partment of Agriculture has prc})ared at the request of the 
(V)mmittee on National Fertilizers and Lime Policy an admirable bulletin (Ref. 19) on the 
resources, production, marketing and use of fertilizers and lime in the United States. Tliis 
includes a factual review^ of the data wdth information of basic importance to all who are 
(concerned with or interested in the formulation of a national policy in respect to these 
materials. The many diagrams vividly present the historical, geographic and agricultural 
aspects of the production and consumption of fertilizers and lime. There are also many’ 
tables showing the consumption of the various classes of material b}^ States, and a biblio- 
graphy. This bulletin wull provide a useful reference volume to all who are interested in 
anything beyond purely local and immexiiate problems in soil fertilit}’ and crop production. 
Such reviews are urgently needed elsewhere and it is much to be hopt^d that the Food and 
Agriculture Organisations will shortly be able to jjrepare them. 

In the United Kingdom a new Control of Fertilizers (No. 31) Order (S.R. and 0. 1946, 
No. 975) fixed the prices of fertilizers from July 5th, 1946. Attention may be directed to 
some novel items. The prices of compound fertilizers are defined by fixing standard prices 
for four National Compounds and for four concentrated compound fertilizers based on 
ammonium phosphate, and relating the prices of all other compound fertilizers to those of 
the National Compounds. The standard compositions and prices are given in Table 2. 
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TABLE 2. Composition and standard prices of cmnpound fertilizers. 



N% 

soluble InHoIuble 

K.0% 

Price per ton 
£ 8. d. 

National Compounds 







No. 1 

7 

6.5 0.5 

10.5 

10 

11 

6 

No. 2 

9 

6.75 0.75 

4.5 

10 

5 

6 

No. 3 

S 

11 1 

nil 

9 


6 

No. 4 

4 

13.75 1.25 

nil 

9 

d 

6 

Fertilizers based on 







ammon i urn phosphate 

ATO 

o 

Total V^O,% 


£ 

s. 

cl. 


12 

12 

15 

16 

5 

6 


14 

16.5 

10 

17 

7 

0 


13.8 

42.3 

nil 

20 

14 

0 


11 

48 

nil 

20 

17 

0 


The changes reduce the prices of ordinary NPK National (V)inpounds by a few shillings 
ton, and in(*rease those of concentrated coin])ound NPK fertilizers In 27s. Od. ]>er ton, thus 
narrowing the gap between the two classes wlien both are coin] aired with the costs of equal 
amounts of ])lant foods in straight fertilizers. Evc’^n at lire lU'w ]>riees the coneentratcHl 
fertilizers remain somewhat cheajier per unit ol plant food 

Substantial deductions are made for early deliveries— -up to 30s. (kl . per ton for compound 
fertilizers in July. Although farmers may have had unfortunate c xperiences with ferti- 
lizeis setting on stoiage in sheds, the circunistan<*e Iras to be faced that current high outputs 
require the factories to run at full jiressure for nearly the whole year, though the demand 
has an acute peak in earlj^ spring. It is not jrossible to store most of a year’s outjmt at tin* 
factories, and some of the storage must be done on the farms. It should also be remembered 
that, when the fertilizer permit scheme is finally withdrawn, manufacturers and merchants 
will no longer have a semi-automatic indication of the probable^ requirenu'nts of individual 
farmers. Early ordering and storage on farms are likely to ifunain nec(‘ssary for years to 
come. 

The end of the war provided a convenient opportunity for reviewing (airrent practices 
and tables for assessing the residual manurial values of fertilize) s and purdiased feeding 
stuffs for tenant-right purposes. Never since the first Agricultural Holdings Act luid 
purchases of imported feeding stuffs been so low. The recemt incoiqioration of the Central 
Association of Agi’icultural Valuers provided the means for ajqdying in general practice any 
new agreements which could be reached. The Ministry of Agriculture set up a Conferenct* 
to review the whole subject and make recommendations, and its unanimous rejiort has been 
accepted by the representative organisations of all the interested jiai ties. As the historical, 
scientific and practical backgrounds to the main problems involved and the conclusions 
reached have been discussed elsewhere in this volume, it is unnecessary to summarise them 
here. 

The immediate prospects for fertilizer supplies are still a matter of concern to the 
authorities responsible for determining production policies and allocations between countries. 
Before the war one-half of the world production of nitrogen fertilizers came from Germany, 
Italy and Japan, but at the present time these countries need to import nitrogen and other 
fertilizers. In a time of grain shortage and bread rationing the proper use of additional 
nitrogen affords one of the most positive steps towards checking famine and saving life. 
Fifty -thousand tons of* additional nitrogen sujijJied in fertilizers to the right countries at 
the right time would yield about one million tons of additional wheat or rice. 

The fertilizer allocations of the Combined Food Board for 1945-48 and estimates for 
1946-47 (Ref. 20) are given on a global basis in Table 3, together with figures for pre-war 
production. 
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TABLE 3. World production and rrquimnpnt>* of fertilizer a in million metric tons of plant foods. 


Nitrogen 
Phoaphorie mji<i 
J’otawli 


Pre-war 

production 


Allocations Estimates for 1946-47 
1945 — 49 Production Demand 


2.2 

3.4 

2.4 


1.6 

2.4 

3.3 

3.1 

4.1 

5.0 

2.1 

3.2 

3.3 


The 1945-40 allocations wert' considerabh’ down on yu'e-war figures, es])ecia]ly for nitrogen. 
Although, as has !)een mentioned above, the United States and the United Kingdom had 
greatly increased their consumption of nitrogen fertilizers, many other countries were in 
lugent need of much more* nitrogen to carry through the Hot Springs policy of concentrating 
at once on maximum output of grain and other energy- rieh foods for immediate human 
t^onsumption. The reasoned demands presented to the (^ombined Food Board called for 
twice as much fertilizer nitrogen in 1946-47 as in 1945-46. Although the estimated pro- 
du(5tion listed in Table .*1 shows half the increase called for, it is official]^^ recorded that the 
estimated jwoduetion levels may be * altogether too optimistic." They pre-sujipose 
favourable conditions throughout the world, and it is now certain that Uermany and Jay>an 
will not reaiih their protiuction targets, if, indet^d, they are allowed to run their nitrogen 
fixation plants. There is danger of a “ nitrogen famine,” unless the w orld's nitrogen plants 
(‘an run more nearly to full ca})acity, and farmers in many countries can manage to use the 
ammonium nitrate most of the factories ar(‘ designed to make. The supy)]ies of potash for 
the United Kingdom and elsewhere will be limited by the output from the Euro])ean mines. 

Even the difficult ])roduct ion t argets for 1 946-47 are still far below^ optimal. It has been 
<»fficially estimated that to improve the general standard of croj) production and to bring 
crop yi<4ds of Jess dcveloj)ed countries, such as India and ('hina, more or less into line with 
those of more* progressive countries, wwild require about 9 milli(jn tons of nitrogen. 9 
million tons of |.hos[»h(>ric acu'd and 5.5 million tons of potash |>er annum. 

V. LIMING MATERIALS. 

The figures in Table 4 give the aiinuai consumption in the United Kingdom of agri- 
cultural lime in million tons product and in million tons equivalent calcium oxide (pure 
linfe). 


TABLE 4. Agncultural Lime Vomumpt*on in the United Kingtiom. 


Year ondiiig Jimo 3Cth 

1939 

1940 

1941 

1942 

1943 

1944 

194,5 

1946 

Million tons prinluft 

1.74 

1 . 33 

1.49 

J.S2 

4. 10 

4.64 

.3.27 

3.42 

Million tons (!?a() 

1 . 3<» 

l.OO 

1.06 

1.26 

1.76 

2.04 

1.S6 

1 . 96 

Mean % (^aU 

Owts. CaO per o/crc of 

74 

75 

71 

69 

43 

44 

57 

57 

tillage land 

3.0 

1.9 

1.7 

l.K 

2.4 

2.8 

2.7 

2.9 

arable land 

2,0 

1.4 

1.3 

1.4 

1.9 

2,1 

1.9 

2.1 


The total weight of liming materials fell in the first two war years during the main 
drive for ploughing-up, and then surged upwards again in 1943 and 1944, when the main 
problem was to improve yields. The gross figures for the tonnage of product are, however, 
misleading, because they obscure pronounced changes in the dominant forms of liming 
materials. In 1938-39 the average liming material had about 74% GaO, which means that, 
after allowing for impurities and moisture, the bulk of the material used was burnt lime. 






82 


Soils and Fertilizers, 


The heavier rate of liming in 1943 and 1944 was made possible only by using very much 
more chalk and ground limestone. The latter was either a by-product from rock crushed 
tor other purj^oses or was ground specifically for agriculture in new grinding plants imported 
under Lend-Lease. The average CaO percentage then fell to 43 as compared with 58 in 
pure calcium carbonate. By 1945 the proportion of burnt lime increased once more and, 
although the total tonnage fell off sharply, the total liming or neutralising value suffered 
only minor changes from 1943 to 1946. The record of the liming campaign and the general 
impression of the countryside dotted with white heaps or whitened fields show a different 
story when allowance is made for the large acreage of acid grassland ploughed up. Tht^ 
average consumption of CaO or its equivalent per acre of arable land in the peak years was 
no higher than in 1938-39, though the average lime requirement of the arable land had been 
greatly increased by bringing very acid land into cultivation. Further, the iv€>rage rate of 
liming — 2 cwt. CaO per arable acre — is less than the figure commonly taken as the average 
annual loss of lime from the soil in drainage water. On this basis it would appear that the 
liming campaign had done nothing more than meet, inevitable current wastages The true 
position is not quite so grave because much of the lime went to very acid land where the 
immediate benefit was large and the annual wastage well below average, just because the 
soils remained moderately acid after liming. Nevertheless it must be admitted that the 
lime subsidy scheme of paying half the delivered cost of liming materials — and more than 
half at certain periods of the war — has failed in ten years in its main task of wiping out one of 
the principal limiting factors in soil fertility and crop production. The whole question needs 
to be thoroughly reviewed by the authorities, the advisory service and the re})resentative 
organisations of farmers and landowners. The main part of the cost is commonly for trans- 
port and spreading, and one solution might be to establish uniform prices at farms through- 
out the country, as has been done for certain fertilizers. The system of spreading directly 
from the lorries needs to be extended. Tn this connection the exam})le of the Southern 
Provinces of New Zealand merits attention. (L A. Holmes (Ref. 21), in reviewing his 
(ixperiences in working for County Committees in this country during the war, mentions 
that the Southern Provinces of New Zealand use liming materials more heavily than any 
other country. Both production and spreading are mecdianised, a i4-ft. box distributor 
being attached behind a motor-lorry. A couple of boys will usually spread about 40 tons 
of lime in an 8-houi’ day and achieve good uniformity. (Ground carbonate of lime is used 
almost exclusively. During the wax* the demand was so great that a xationing scheme had 
to be introduced (Ref. 22). Ground limestone was allowed at the rates of 10 cwts. per aerf^ 
for spring application to swedes, turnips and new grass and at 4 cwts. per actre for top dress- 
ing pastures in autumn and early winter. These small dressings on pastures would make 
good the annual losses. Experiments have shown that 2 tnn dressings have a marked 
effect for at least three to four years and that thei*e is no difference in response over six 
years between a hard limestone and a soft one. There is no justific'ation for very fine grind- 
ing. It is sufficient if at least 50 per cent, of the ground limestone passes a 30 mesh screen. 

The extended liming campaign in Britain should be based on a more general use of 
gx'ound limestone. There are signs, reflected in recent changes shown in Table 4, that many 
farmers still prefer burnt lime to ground limestone in spite of the manifest advantages of 
the carbonate form and its dominant position in most other (countries. Perhaps the pre- 
judice arises from traditioxxs dating back to the days when the only choice was between 
lump chalk and burnt lime, llodem crushing and grinding plants can reduce limestone to 
a most efficient and convenient form. Another contributing factor may be the lack of any 
word in English to denote “ liming materials ” as a class. The word lime is commonly 
used in this sense, as in the title Agricultural Lime Department ’’ of the Ministry of 
Agriculture, or in the chemists’ term lime-requirement,” but some farmers may interpret 
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the word too literally a» meaning quicklime and think of limestone as a crude raw 
material or unfinished substitute. There are many conditions in which ground limestones 
is more efficient than an equivalent amount of burnt lime. The carbonate form is easier to 
store and handle, and it can be incorporated with the soil far more thoroughly and uiiiforml.y. 
There is no need to grind the limestone very finely. Although far more field trials on 
different forms and finenesses are needed, there is already evidence that relatively coarsely 
ground limestone is peculiarly effective. Indeed, some recent results in Missouri (Ref. 23) 
suggest that coarse limestone may actually be better than fine. In an 8-year test on a two- 
(^ourse oats-maize rotation with clover sown with the oats and ploughed in for the maize, 
it was found that lO-mesh limestone gave bettei* crops than 100-mesh limestone. This w^as 
true for single dressings at the commencement of the^ experiment or for repeated small 
dressings actually drilled w^ith the oats and clover. It is suggested that moderate local 
irregularities in the soil may be definitely advantageous. Plant roots may obtain their 
(calcium from the neutral .soil in the immediate neighbourhood of the coarse particles of 
limestone and be able to tak(‘ up their other nutrients more readily from the intervening 
pockets of acid soil than they (^ould if the whole soil w^ere brought to a uniform lime status. 
It is well known that over liming may aggravate deficiencies of several trace elements. 
Intensive liming cain])aigns have often been followed by an outburst of investigations on 
deficiencies of mangane.se, boron, copper and other elements. It would be a very convenient 
and economic solution to an im])ortant practical problem if it could be confirmed for a w^ide 
range of conditions that modest amounts of rather coarse limestone are both more efficient 
and safer than heavy dressings of quicklime or extremely finely ground limestone. 

A large number of Prench limestones ground to varying finenesses were examined for 
their solubilities in carbonated w^ater (Ref. 24). Chalk and soft limestones were fairly 
solubki when (coarsely ground, whereas comjmct limestones needed to be ground very finely 
to have an nj)preciable solubility. The neutralising effects towards acud soils follow’ed th(‘ 
solubilities in carbonated water. 

The results of nearly 1,000 liming exi)eriments in Finland, a country with highly 
leached soils, have been analysed (Ref. 25). On the heavier soils the pH value was a fairly 
reliable indicator of the lime requirement, but on light soils the exchangeabk^ calcium con- 
tent gave a better guide, lii the last 20 years the annual consumption of limestone has 
gone u[) from 1,000 to 300,000 tons ]>er annum but it is estimated that 80 jK'r cent, of 
the soils still need lime and that to raise all soils to a satisfactory lime status a million 
tons will be required annually for ton j^ears, and thereafter about half a million tons per 
amium. Ground limestone is the only liming material used, and it has been shown to liave 
a similar effect to slaked lime and to be much cheaper. The annual loss of lime from th(‘ 
acid Finnish soils is roughly propoi-tional to the amount of limestone applied. The 
effects of a suitable lime dre.ssmg on crop yields last for at least ten years, during which 
time from one-third to one-half of the lime added is lost in the drainage water. It was 
from coiiBidorations of this kind in the United Kingdom that the compensation for th(‘ 
residual value of lime in the tables of the Central Association of Agricultural A^aluers 
was changed from subtracting 4 cwts. CaO per acre per annum to subtracting a 
constant fraction each year. The fraction of one-eighth was chosen for simplicity, 
though it was fully appreciated that lime lasts much longer on very acid soils. 

VI. FARMYARD MANURE AND PLANT FOODS. 

In a general review of the problem of using straw to best advantage in mixed farming 
under Swedish conditions, 0. Franck (Ref. 26) suggests that the daily requirements {)er 
head of cattle are 4 lb. of straw as bedding with another 13 lb, to ensure that all the urine 
is absorbed. He recommends adding about | lb. superphosphate to reduce the volatili- 
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sation of ammonia and composting any suiplus straw with inorganic nitrogen, the straw 
being suitably chaffed at threshing. In a large number of Swedish experiments 12 tons of 
farmyard manure per acre gave on the average about 2 tons of extra sugar beet i)er acre 
where no fertilizers were used and about half this amount on sugar beet receiving fertilizers 
(Ref. 27). The effects of farmyard manure depended on the phosphate and potash contents 
of the soils. It was shown that to use light dressings of farmyard manure on several crops 
of the rotation was better practice than to give a large amount to a single crop. 

On some very acid Swedish soils derived from drained swam})s and possessing high 
fixing ])ower for phosphate (Ref. 28) it has proved jn-efei'able to use superphosphate with 
the farmyard manure before spreading than to apply the two materials separately. Similar 
results have been obtained in Vermont (Refs. 29 and 30) on acid soils with a high capacity 
for fixing i)hosphate. The soluble phosphate is converted by the bases in the manure into 
dicalcium phosphate, which is immediately available to plants though protected by its lower 
solubility and by the mechanical effect, of the farmyard manure from too rapid fixation bj’^ 
the soil to almost useless phosphates. Some of the merits of this protection of phosphate 
are probably obtained in those wetter regions of Britain in which it is customary to put 
farmyard manure and phosphate fertilizer in furrows, split the ridges and sow swedes. The 
old proposal to use superphosphate to reduce the volatilisation of ammonia from urine in 
the open drains of cowsheds and from fresh manure should be re-examined in the light of a 
possible additional gain from improving the availability of the phosphate added in the 
manure to acid soils with high fixing powers. 

E. M. OROWTHER. 


Rothamsted Expebimbntai. Station, 
Harpenden, 

Herts. 
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UNivERsrnr education for the farmer 

I. THE FAEMER POINT OF VIEW. 

The recent ‘ Report of the Committee on Higher Agricultural Education in England and 
Wales ’ — the Loveday Report — cannot but raise important and i>erhaps controversial 
discussion. 

There are two fundamentally different approaches to this subject, that of the education- 
list and the farmer. The one looks to produce a graduate with a whole wealth of basic know- 
ledge and the other hopes to see a farmer who can not only farm well, but who can also 
give a lead to those less fortunate in the countryside. 

The Loveday Report appears to take the educationalist’s point of view. While it 
may be right that the man who is going to advise the farmers how best to solve a particular 
problem should be first a pure scientist and then a farmer ; that he should be given a four- 
year course rather than three years and should, if necessary, enter a university at a later age 
than at present ; while it must be true that this will provide him with a higher standard of 
(education, nevertheless, 1 am of the opinion that if a reasonable number of prospective 
farmers are to take up this course, it will have to be one which both from the time and mone^ 
jioint of view is practicable. If you add to this four year course a period of compulsory 
military training, then it will become one which, though ideal, is not within the bounds of 
feasibility. 

University education or any other sort of education, must in the final analysis be judged 
by its effectiveness in making the student fundamentally efficient in whatever career or job 
he ultimately pursues. What them must be the qualifications and, more important, the 
capabilities of the farmer who has been fortunate enough to spend these three years of his 
early manhood at a university ? What do we need, as farmers, from the universities, at 
the same time bearing in mind that the practical man’s ayjproach to education generally must 
be satisfied if the courses available to him and his sons and daughters are to be filled ? 

First then, the graduate of a university must be a man or woman who can make a 
successful practical farmer under ordinary circumstances ; one who is able to make a 
financial success of his farming business under current conditions. There is a gr€*.at deal of 
talk about farming being a way of life as much as a business, and that because of this the 
farmer need not expect to obtain the same financial return for his labours (whether they be 
mental or physical) as he would if living or working in the town. This attitude of mind 
brought about the disastrous state of farming between the two world wars. It led not 
only to a neglected and bankrupt farming industry in this coimtry, but its effects were 
felt in all those countries overseas whose economies were mainly based on the production 
of food. It led to that disastrous stamjjede to the towns of the country-born young man. 
It led to the present position where the proportion of old men in the industry is so high and, 
in fact, the proportion of Biitish labour in the countryside is so low, that 25% of our 
present quite reasonable production is produced by prisoner-of-war labour. 

Under modern conditions, with an adequate supply of up-to-date machinery and young 
labour, the economic output of British farms could be well shove the war-time production ; 
but this supply of young labour will never be available so long as the people and the Grovem- 
ment of this country think that the returns from farming effort can be ‘ stabilised ’ at a 
lower level than those required in urban industry. 

The filling of degree eourses in agriculture depends ultimately on the student being 
able to see a real prospect of successful business career on the land from which he can get 
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a return on liis capital at least equal to that obtained fiom the general run of commercial 
business, and where the cost of that broader education (more expensive both in time and 
money at the most important stage of his life) can be amply rewarded when he goes into the 
industry. A degree course which does not fit him for a business career will be of no use to 
him and will fail in the long run through a lack of candidates, as was not unknown before 
this last war. 

I believe that university training is not necessary to the j)rospective practical farmer, 
and that if he is keen and observant he can gain sufficient knowledge from the shorter, chea]>er 
and more practical course provided at farm institutes and agricultural colleges. The 
training at these institute's should be such that the student leaves knowing that he has a lot 
more to learn, and that there are scientists and other farmers always ready and willing to 
give him help. 

On the other hand, university training is absolutely necessary for all those who proj)ose 
to adopt an administrative or advisory career in agriculture, if only for the reason that the 
basic know'ledge provided by the degree? course will give them a constant guide as to what is 
fundamentally right or wrong in all the problems that may confront them. Conversely, it 
would be disastrous to the indastry if it were thought that the broadest possible education 
were unnecessary. 

Agriculture has been treated as a life apart by the average citizen for much too long. 
It is (essential to the welfare of the agricultural industry, as indeed it is to the welfare of the 
oounlry, that thfTe should the closest collaboration (both social, economic and scientific) 
betw'eim industrial and agricultural workers at all levels. If the universities can provide 
that common meeting ground at a time of life when minds and habits are being formed, 
then both sides will have gained for all time. Perhaps that is one of the reasons w^hy so 
many committees have stressed the necessity of future agriculturists being trained alongside 
stud(»nts aiming at other careers. Segregation at any stage must take away these 
advantages. They should meet in the lecture room and mix in the other social activities of 
a university lif(?,forthisis the only real way of learning, and so understanding, the other 
man’s point of view. 

But a university course for a prospective farmer cannot be provided just for 
the sake of mutual understanding. A degree course in any subject must be such that the 
fundamentals of that subject are common knowledge, and so in agriculture the natural 
sciences must form the basis of education. Tlie question is how far should these sciences 
preclominate in the teaching at the expense of practical study ? 

In many cases in the past agricultural economics was taught as a rather vague though 
perhaps fascinating theory. As far as ray memory of the treatment of this subject in my 
time at the Univeisity serves me, the part that agriculture played in the national economy 
was of little importance? ; the part that food played in the national economy was rarely 
mentioned and the relationship between town and country was as remote in that teaching 
os it was in fact in the minds of those who governed the country. 

If the modern farmer is to get the most out of university education, then he must be 
taught all that is necessary for him to take a lead in securing a place for his industry in the 
business economy of this country and of the world. 

But apart from this wider aspect of economics, it is certain that unless he makes a 
practical success (both financially and technically) of farming, then his influence on the 
larger aspect will be proportionately reduced. In the countryside where everyone knows 
everyone else, not much notice is taken of those people who like to speak of the wider aspects 
of life if they are unable to make a success of their own business. 

In the lost twenty years a whole wealth of knowledge has been built up on the business 
economics (if I may call it that) of farming. At all the universities with agricultural 
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departments, agricultural economists have been appointed ; their work has taken them out 
more and more on to farms ; farm surveys have been made in growing numbers ; progress 
has been made in the difficult problem of commodity costing, and a stage has been reached 
where the Government has been prepared to base its long-term ^jolicy for agriculture on the 
foundation of guaranteed prices negotiated not by the old ‘ hit and miss ’ methods, but on 
factual data drawn from farms all over the country'. By means of these facts it is possible 
to-daj’^ to balance the returns from different types of farming. In a year or two more, 
when world conditions are more stable, it should bo possible to strike a sufficiently accurate 
balance to give encouragement to one ty^x^ of production without ruining the other. 

All the figures and surveys are available to the universities (they are taken from actual 
farms). The}^ can and should be used to the greatest possible extent in the teaching in order 
to show to the student that it is possible to farm well and lose money, but they must be 
taught how to farm well and make money. 

The enormous amount of research and investigation which has taken place during the 
last few years, under the influence and drive of war, should be used to the utmost to fit that 
student for the hard and competitive w^orld in which he has to make his living. But the 
teaching should go beyond this. 

The agricultural industry has begun to realise that its interest lies not just in pro- 
duction but also in the distribution of its i>roduce. There can be few' (if in fact there have 
been any) industries which have taken so little interest in their own products after they 
have left the place of production. 

Under the influence of the Marketing Boards a little (though it was very little) progress 
w'as made in this direction. A few individuals, especially in horticulture, had made an 
intensive study of this side of the business, but in the main the farmer left his products to 
the mercy of those whose business interests lay not in the welfare of the producer, but in 
getting as much as was possible oxit of the margin betwwn what the consumer was prepared 
to pay and what the producer was obliged to accept. 

If the agricultural industry in this country and elsewhere i.s to be the foundation of 
world prosperity, as it alone can be, and if the standard of living in this country and all over 
the world is to be ‘ consistently ^ raised to a level at which nations can live at peace, then 
the first consideration must always be the price paid for the primary commodity. The 
second consideration (and this affects more the standard of living, while the first has a more 
direct influence on employment and trade) must be to see that the consumer gets that 
product in the form he w^ants it and at the cheapest price economical!}' possible. 

Again, under the drive of war the Ministry of Food must have collected a mass of 
information on the economics of distribution. This information must not be used just for 
the benefit of the Government but tor the benefit of all. It must be made available to 
universities who might well undertake further research into th(' problem and so benefit all 
students. 

If the university graduate in agriculture is to be properly equipped to make a success 
of his business, then it is as important that he should be supplied with the basic facts relative 
to the distribution of his products as it is that he should be informed on the most economic 
methods of prodiu;tion. 

My first submission was that the graduate must be so equipped that he can make a 
financial success of liis business. What then is the second consideration ? 

It may well be that in the future the recruits for the farming industry will be drawn 
to a greater extent from urban homes. If there is stability in the industry, and if the 
returns are sufficiently attractive to cover the risks involved, then it is certain that new blood 
will come in from this source. This is essential on the labour side ; from the management 
side it could do an enormous amount of good. 
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In these days a new outlook is required in all walks of life, and the countryside is no 
exception. Anyone who had experience of War Agricultural Executive Committee work 
in the first years of the late war will remember how difficult it was to get the ploughing 
campaign going and the tremendous opposition there was to the changes required in pro- 
duction. Farmers after years of neglect had forgotten that the soil of the country was 
there to be tilled. After the first eightoen months a new atmosphere was felt and as year 
succeeded year the difficulties disappeared, initiative came back, the old skill returned, and 
to my knowledge in many cases it was the comparative new()omer to agriculture who showed 
the way. 

Now a graduate iri agriculture who is farming on his o^vn account should be able to enter 
thti industry without making those fundamental mistakes which are always so expensive 
in the farming business. It cannot be right that after spending at least three years of his 
young life at a university, he should be deposited on the land to learn by his own mistakes. 
A degree course must fit him for a job whether it is in law% in medicine or in agriculture. 
He should be equipped with such knowledge as is necessary to ensure that he knows what is 
fundamentall,^' WToiig, wliether it is in physics or biology, economies or just technique. 

I should never like to suggest that a graduate (iould be taught all that there is to know'^ 
about the farming business ; practical and theoretical farming are poles apart, farms and soih 
vary. The seasons of the year make so much difference, but the treatment required both 
for tTO})s and stock calls for a considerable amount of s])ecialiHed knowledge. It is surely 
nect^ssary that the graduate should at least l>e prepared for these problems which wiU arise 
on the pur<‘ly ])ractica} side as soon as he starts farming on his own. It may be that the 
practi(‘al a})plicalion ot science is not thought to be the job of the university. Nevertheless, 
as I have mentioned onc(‘ before, a graduate should be fitted to his Job and a satisfactory 
balance must struck between th(* two approaches. 

In the ]>a8t, some universities teaching agriculture have had no farms of their owm. 
In some easels where there w^ere farms they WTre situated so far away from the universities 
that the}^ beeunu' a se})arate part of the university life in the mind of the student. 

It is esscuitial that the graduate should know^ from })rac.tical experience, or at lea.st by 
actual observation, tlie c^onditions of soil and w^eather which will affecit him wdien he is 
farming. If he comes from an urban home this is even more essential. It seems to me 
that as far as is practicable the t(»a(her of the theory should be in a position to illustrate his 
lectures in the field in the same way as the medical student receives his practical training 
in the hospital. A great deal more of the teaching in the universities should be illustrated 
on the farm, and considerably more use should be* made of the farms centred round them, so 
that a variety of farming methods, farm conditions, farm economics and mechanisation 
methods c.an be showm in a w^ay that is more lasting than that obtaining in the lecture room. 

The university farm can and should bo used to the full for the detaUed study of the soil 
and cultivation, and of breeding in relation to livestock. But farm tyi)e8, soil tyj^es and 
different mc^.thods of management should be illustrated in practice by using the many farms 
in the neighbourhood. It is only by these means that thc^ graduate can understand the 
practical problems with which he will be faced and will be able to recognise, when the time 
comes, the conditions with which he must deal. 

The third and possibly the most difficult practical farming problem for which the grad- 
uate should be prepared is the management of labour. In these days of high wages it is 
becoming the most imjmrtant item of farm management. To what extent can it or should 
it be taught in the degree course ? 

It is, I suppose, reasonable to assume that a student who takes a degree course in agri- 
culture with a view to farming on his own account will have sufficient capital to farm on a 
fair scale and will therefore employ considerable labour. CJertainly if he has not that capital 
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and can only farm in a small way he can never expect to recover the cost (whether in time 
or in money) of that extended education. 

The economic teaching will certainly help him to compare labour and output on 
different farms and under different systems and being based on fact can, if necessary, bt^ 
illustrated in the field. The part that the macliine can play towards increasing output per 
man, and the developments taking place and required, can be taught in the lecture room. 
One of the most important angles of this subject is the danger of over-mechanisation. How 
often does one see the over-mechanised farm go down because the overheads of replacement 
are more than the farm can carry ! All this is a most important, if not a vital part of th(* 
education, which should and must be part of the graduate’s training if he is to profit by that 
wider education. 

But none of this touches the actual management of labour and it w'ould seem that this 
can only be learnt by actual experience. The craftsman in an industry w^!! respect the boss 
who understands that craft. It is not absolutely necessary that the graduate should be 
able to carry out the job himself (he can learn that later), but he must and should know when 
the job is being well or badly done and the reason wh} . 

Life on a farm is very different from life in a factory. The farmer lives and wwks with 
his men. He will in practice know their domestic problems as w^ell as their capabilities for 
work if he is to get the most out of them and have a contented farm, and no succe^ssful 
farm can be other than contented. Then he has got to earn the respect of his labour, and 
this again can only be achieved by experience. The lecturer can therefore only point out 
the necessity of this particular attainment. 

In my opinion the graduate farmer would be well advised to spend at knist a year on a 
farm as a pupil before taking up farming, if possible in the area in wdiich he intends to farm. 
It is unfortunate that farmers who habitually take pupils have a reputation for using them as 
a source of cheap labour. Certainly the pupil must work, if for no other reason than to 
understand how the workers think, and what things are important in their everyday life. 
But the graduate should aim at working on a farm where he can live with the farmer and 
learn from him how to employ labour, how to manage labour, and how' to dcjal wdth the 
everyday problems which arise however well the business is qrganised. 

Perhaps this may suggest that in my opinion the practical side of farming is more 
important than the theoretical or scientific side. That is not so. If 1 am to discuss the 
university graduate in agriculture Irom the practical j)oint of view as opposed to the scientific^ 
and educational asjjcct, then it is incumbent upon me to point out the problems which face 
that graduate, and which to my mind should be safe-guarded against by teaching at univer- 
sity level and they should be brought into relief. 

Ti the university graduate is to prosper as a farmer, and is to benefit from his university 
training, and is to repay the cost of that education, then the sciences behind animal and 
crop husbandry are all vitally important. He should know much more than the ordinary 
farmer of the chemistry, biology and physics which are fundamental to the practice. He 
should recognise, however, the limitations of his knowledge and should know when to seek 
further advice. He is first a farmer and secondly a scientist. 

The student who takes a degree in agriculture with the intention of becoming a scientist 
or advisor should be first a scientist and secondly an agriculturalist. The danger to the 
farmer graduate is that under the influence of his scientific lectures he may become too 
much of a scientist and fail dismally when he has to put the results of his learning into 
practice. Farming is essentially a practical business, studded with practical problems. 
Failure to recognise this so easily results in financial disaster, and if that should come about, 
then what to my mind is the primary object of education and in particular higher agri- 
cultural education, will have failed. 
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On the whole, therefore, I am of the opinion that the raising of the level of scientific 
education in the agricultural course at universities is unlikely to benefit agriculture as far 
as the practical farmer graduate is concerned. The detailed knowledge of the basic sciences 
is not necessary to him, and the time taken up in the study of these sciences would have 
been better spent on the more practical side of the industry. 

No amount of scientific knowledge can outweigh in importance the more practical and 
economic knowledge required in farming if the graduate of a university is to be turned out 
as a practical farmer. He will neither make an economic success of the business, nor will 
he be in the position to benefit the industry generally by the advantage which should be* 
gainexl as a result of that longer education. 

The tendency for raising the age at which students should enter farm institutes or 
colleges or universities can be taken to a limit at which no one can afford to take part. 
Some time or other it is neccissary to start working for one’s living. It is certainly true to 
say that in no business does one ever cease to learn. The farmer will be the first to recognise 
the value of a university training for his sons and daughters, and if he personally cjonsiders 
that these courses arc beyond his means, or are not sufficiently practical, then no amount of 
propaganda can make the course a success. 

It is essential thcr(*fore that those w^hovse job it is to plan curricula should strike that 
liappy balance between scientifi(j agriculture and practical agriculture which can result in 
a graduate who (^an make a business success. 

Lc*aders in the industry are urgently needed. The univ^ersity background must be of 
the very greatest helj), but it should be available to the largest number and not to th(‘ 
limited few who can perhaj)s afford the time as well as the expense which is involved. 

J. N. MoCLEAN. 

Fl.-EXCOMBIC, 

Liss, TTantm. 


11. THE UNIVERSITY POINT OF VIEW. 

Education is essentially a fan-sonal matter. The appropriateness of a I'niversity education 
for farmers as a \vhole is not a subject for consideration. It is rightly stressed in the Report 
of the Committee on Higher Agricultural Education that the majority of farmers may not 
have the inclination or aj)titude for the work involved in a University Degree course ; but 
while this is true it would be most unfortunate if it detracted from our a])preciat ion of the 
value of a University education for those practical farmers who have the inclination and 
the ability for University studies and who find the life and atmosphere of a University 
congenial. The advocacy of a I diversity education for those farmers for whom it is 
appropriate must not be weakened by the fact that there are farmers for whom it is not 
approi)riate ; on the contrary, as will he explained later, the fact that most farmers do not 
take a University course makes it all the more important that some should. 

There is a second preliminary matter about which it still seems necessary to remove a 
misunderstanding although the error has already been many times refuted. A University 
course is not intended to, and never could, produce a practical farmer. Skill in craftsman- 
ship and management can only be acquired by })ractice and experience, but, while the 
practice of farming can only be learnt on the farm, it is the contention of this article that a 
University education for those practical farmers to whom it appeals will not merely add 
theory to their practice but will enhance the value of their practical knowledge and 
experience. 
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University Education. 

There are two chief characteristics of University education and they must be fully 
luiderstood and appreciated before any adequate consideration can be given to the question 
of University education for farmers. The two features that differentiate Universities 
from Technical (Colleges and other institutions for vocational training are : — 

First, a University is not merely concerned (some would say not even chiefly 
concerned) with the acquisition of knowledge for its obvious and immediate usefulness, 
but rather, to quote the usual phrase, with the study of the truth for its own sake.” 

Second, a University student is expected, in addition to studying the subjects of his 
own choice, to live in social and intellectual intercourse with students of all other subjects. 
It is for this reason that most Universities require several years of residence as well as an 
examination attainment before they will confer their Degrees. 

The Study of Truth for its own Sake. 

It is this first feature of University education that so frequently prejudices the practical 
business man against it. On the face of things it does rather plausibly appear to some 
economically-minded industrialists as though the study of matters that are not known to be 
linked up with some economic or utilitarian problem and with the acquisition of the broad 
and butter of life, is fantastic and useless ; but if on the face of things it looks like that it is 
seen, when properly studied and considered, to be far from fantastic or useless. Before 
proceeding to discuss this it is worth while to note that not only have farmers criticised 
University education as being too academic for practical men but at times in the past 
University dons and professors have resisted the introduction of such subjects m Agri- 
culture as being too commercial and utilitarian for an academic institution. Farmers on 
the one hand have been apprehensive that a University education would undc^rmine 
practical efficiency and University professors on the other hand have been ajiprohensive 
that such a subject as Agriculture would desecrate the academic atmosphere of a University 
and pervert the outlook of University staff and students. The fact that Agiiculture has 
now long been successfully established in many Univ(*rsities is not. due to a straight contest 
between University people who favoured it and farming peoplf^ who didn’t : it is due to the 
vision and enterprise of those who had ex}H*ri(‘nce both in academic and in farming circles 
and who realized that the Universities could serve the industry of Agriculture wn'thout any 
weakening of their academic functions and in a w^ay that would strengthen rather than 
weaken the practical ability of the farmers. 

Whil<^ on the face of things academic study in a University may aj)pear to some to be 
inappropriate to the practical man, there are four factors involved in academic work which 
when they are clearly discerned must make a sf.rong a[)peal to every far-sighted and enter- 
prising man of business. 

Two of these factors are personal and concern the training of the individual student. 
In the first place there can be no doubt that people for whom University courses are 
appropriate do by the study of the science relating to their industry develop very much 
their interest in that industry and all that pertains to it. There are some who are a little 
shy about stressing this point and who fear that the practical man will condemn interest 
for its own sake and ask for something profitable, but no practical man who honestly 
consults his own experience can deny that interest in one’s work is one of the main incentives 
to efficient and profitable wwk. No experienced employer will take on a man who works 
merely because he has got to and without any real interest, if he can got someone who com- 
bines with the necei^sity for work some measure of the love of the work itself. No consider- 
ation can be more practical than this and it is one of the most important factors in the 
training of a University student. 
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In addition disinterested study at University level does discipline and develop the 
power of thought and the abiJity to reason soundly and without bias. This it must be 
admitted is a factor of outstanding importance. 

The other two factors involved in the much misunderstood outlook of a University in 
studying the truth for its own sake, concern, in the case of the Agricultural studemt, the 
industry rather than the student jiersonally. 

In the interests of future developments in any industry there sluiuld be built up as 
complete a reserve of knowledge and understanding of its materials and processes as possible. 
Certain it is that many industrial developments would have been iin}>ossible but for the work 
of those who seek knowledge for its own sake, because without their work the background 
of essential knowledge would not have been there when the time was ri]>e for industrial 
development. 

Finally, no one can foresee what will be learnt, by those who pursue disinterested 
study, that will provide the basis of economic industrial development. The pursuit of 
knowledge' for its own sake has in fact lieen justified by the amount of utilitarianism that 
has been forthcoming as a hy-product. 

In every University rc^search work is gc»ing on providing the background for future 
industrial developments and loaeiing to new ideas which can be applied to industrial develop- 
ments and it is eniinentlv' desirable that some ]K‘ople who are going into each of the im- 
portant industries should have intimate and ]HT.sonal contacts with this type of work. 
It should not he impossible to convince a hai d-headed jniblic that the ]>ursuit of knowledge 
for its own sake has in fact a laige economic, and industrial value, but the full guarantee of 
the valium of this work can he given by those wdio an* equally acquainted with it and with the 
needs of the industr}’. Inhere should therefore ahvavs be some potential practical agri- 
culturists who are in intimate contact with agricultural academic developments and who 
can si>eak to their fc'llow’ practitioners alK)ut its real value. 

The University Environment. 

Equally impoitant to the successful study of his own subjects is the fact that the 
University student is in daily association and in frequent discussion and conversation with 
students taking other subjects. The value of this lies largely in tlie fact that in any walk of 
life if a man is to be successful, and particularly if he is to have the responsibility^ of leader- 
ship, he should hav(' some appreciation of the place of his particular work and industry in 
relation to human life and thought as a whole. This is es]>ecially important in the education 
of those agriculturists who are going to be statesmen in theii industry, for it cannot be 
denied that many meml>ers of the fanning community have been isolated in their thoughts 
from the general conspectus of life and no one can really see the economic problems of his 
own industry without, some appreciation of the fac^t that his own industry is not the whok' 
of life nor the whole of economics. It is very true, as a Yorkshire farmer has put it, that 
you can stay at homo till you know now^'t.” 

The Content ani> Standard of a Univeb.sity CorRSE for the Practical 

AGBtCliT.TURIST. 

There is unlikely to be disagreement with the Rejjort of the Committee on Higher 
Agricultural Education in their assertion that an Agricultural Degree Course must be based 
upon the natural sciences. While this is true, however, it may lead to some misunder- 
standing, a misunderstanding, it is to be feared, which has to some extent adversely affected 
Agricultural Degree Courses in the past. If a course is to be relevant to Agriculture then 
clearly it must include the study of certain sciences which are involved in the agricultural 
industry. It is quite impossible, however, to include in a University Degree Course every- 
thing that a practical farmer would find it useful and interesting to know' and to understand. 
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Agricultuic from the scientific point of view is an extremely diverse industry. In involves 
Bacteriology, Botany, Chemisti’y, Economics, Entomology, Mycology, Veterinary Science, 
and no one can make an exhaustive study of all these subjects. Nothing like so many 
sciences are implicated in any other industry, and University Degree Courses relating to 
those industries can usefully be based on one or two sciences, but even in regard to Degree 
Courses relating to those other industries it would be a great mistake to suppose that the 
course should include everything that the future practitioner needs to know or will find 
useful. Even if this w^ere humanly possible, which it is not, at the time a student took the 
course, it would become defective with development of knowledge and changes of under- 
standing and outlook. The purpose of the course is not to give the maximum amount of 
factual knowledge but rather to train a man’s outlook, interest and pow^ej’s of thought so that 
his mind may grov^ and develop to the fullest extent as he pursues his career. Graduation 
at the end of the University Course is only the end of the beginning ” and the real value 
of the work and experience in the University develops throughout the rest of his career. 

The designing of an Agricultural degree course has always been regarded as a difficult 
matter and this arises largely from the desire to include all the relevant sciences as wx*ll as 
husbandry and economics. Universities with Agricultural Departments have given a groal 
deal of thought to the content of their degree courses in Agriculture and changes in curriculum 
have from time to time been made, partly as a result of experience and partly because 
of developments in the application of a particular science to Agriculture. There has, for 
instance, in some Universities been a marked tendency to increase the time devoted to 
Bacteriology because in recent years the subject has become one of primary importance 
particularly in dairy farming. A good deal is said about the content of the Agri(‘ultural 
degree course for the practical farmer in the Report of the Committee on Higher Agricultural 
Education. The committee expresses its sympathy with the view that the economic asj^ect 
of farming should have more stress in a degree course and (|uite rightly supports the sug- 
gestion that there should be instruction bearing on the life of the nual commuhity and the 
place of agriculture in the national economy. The committee, however, deprecates any 
reduction in the teaching of science in order to provide more room in the timetable for tlu^ 
economic and social aspect of agriculture and rural life. ‘ 

There never will, in the writer’s view, be a satisfactory solution of this problem until 
is fully realised that it is quite impossible, even if the degree course is extended to four 
years, to cover the social and economic aspects of agriculture and rural life and to cover the 
complete syllabus in the relevant sciences. The degree course must contain courses in 
husbandry, in economics and in some science, but it cannot cover the whole ground of all of 
them, and in any case there is no final definition of what the whole ground is. MortK)ver, 
there is no fixed design, including some agriculture, some economics and some science, that 
is most appropriate to all students. Some students, for example, might appropriately study 
more economics and less science than others. 

The fact must be faced that a degree course is a beginning in a student’s training and 
has no finality in itself, and Universities that arrange degree courses for practical agri- 
culturists should see that the student necessarily takes some agriculture, some agricultural 
economics and some agricultural sciences but apart from that should allow as much 
latitude as possible for students to take alternative subjects with more of this and leiJS of 
that according to their individual interests and aptitudes. 

The Univebsity, 

Leeds. 


N. M. COMBER. 
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nXED EQUIPMENT ON THE FARM 

The most important farm buildings are the cottages and the farm house. Until the 
farmer’s wife and the farm worker’s wife are happy and able to contend well with their day 
to day cares, we will not be able to make our land produce as much as it should. Apart from 
this overriding problem, rehabilitation of farm buildings is the ever pressing one for the good 
of stock, crop and worker. It is this aspect of fixed farming equipment with which the 
following article deals. Jn order to avoid redundancy I shall only mention the admirable 
(contents of the English and Scottish Farm Buildings Committees’ Reports in passing ; for 
the same reason T have avoided diagrams of layout with the flow of farm traffic set out 
therein. There are few things more irritating to the reader than constant cross reference ; 
in any case nearly all my readers will be familiar with these reports. 

We know^ all too w^ell that the shortage of labour in the building trade and the shortage 
of materials means that the utmost care, economy and forethought must be used in planning 
t he adaj)tation of old, as well as in the development of new buildings. Therefore, like all 
( Jaul, the problem of farm buildings can be divided into three parts, namely : — 

1 . Can WT do w ithout buildings ? 

2. Can we re-model existing buildings ? If not — 

3. What forms should new buildings take ? 

On the face of it the fii st question may sound absurd, but I do not by any means think 
that we often enough ask the question, “ Is jour building really necessary ? 

We have three groups on the farm to consult here, namely animals, soil and man. Up 
to dat e there lias b(*en insufficient study of the requirements of animals thcmiselves. For 
instance 1 think we have tended to coddle our horses in w^arm, dark stables. I remember 
t hat, in the winter of HH7 on Salisbury Plain, we kept a regiment of horse.s in barrack 
stables and about 250 remounts under a tin roof only, on an exposed hillside. The weather 
w as bitterly c;old w ith frost and snow. The horses in the stables were constantly going down 
with pneumonia, colds and chills, etc., in spite of most careful animal management. On 
the other hand T cannot recall a single case of illness of any sort in six weeks among the re- 
mounts ex])osed to the elements. 1 have since discovered that wherever there is reasonable 
shelter from wind and some faiii}^ dry corner for standing, horses of all sorts do better kept 
out the yeai* round. 1 believe also that, where the soil is light, cattle kept out on the 
Hosier Bail system have fewer ailments and arc less liable to react to the tuberculin test 
than (iattle lying in during the winter. 

This is only the result of ijersonal observation. On the other hand some very interesting 
teats are at present being carried out in the United States. Montana probabl^N' has the 
(‘oldest winter climate in that country, in fact the cold there is beyond the conception of 
most Englishmen. Temperatures very often run to 40° to 50° of frost. Dairy cows have 
there been tested by living in a paddock and coming in only to be milked, against animals 
living in hygienic thermostatically controlled cow-sheds. Although the final result;s have 
not yet been arrived at, the experiments having only run for two years, authorities were 
generally agreed that the difference in milk yield would not vary as much as 5% between the 
two groups, either way. On the other hand it was felt that the better health enjoyed by the 
animals living out would more than compensate for any slight loss of milk yield, should such 
prove to be the case. A similar series of experiments were going on in the dairy state of 
Wisconsin. There the winter climate is relatively milder than in Montana but infinitely 
more severe, both in cold and snowfall, than anything which we have in this countiy. 
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Here again results appeared to parallel those in Montana. It is only fair to point out that 
during the experiments the usual eustom in the United States of feeding hay ad lib. was 
observed. 

Therefore it is my belief that, so far as the animal is concerned, it would be better 
kept out of doors the year round and only brought in to standings at milking time. 

However, here the type of soil and rainfall must be taken into consideration. Wet 
climate and heavy soil are limiting factors. We have learnt how to grow much improved 
grass at a much increased initial cost for seeding on a three or four year ley. This means 
that we cannot afford to poach potentially valuable and costly pastures. Even where a 
winter bottom of old pasture is available in proximity to the cow-sheds, the heaviness of the 
soil may make it impossible to keep the animals out in a good state of health, merely because 
they have to make their journeys to and fro in a quagmire. 

Then there is a most important and final consideration — those who look after the 
cows. No man likes sploshing ” through muddy ground in filthy weather. That indeed 
is the great objection to winter milking on a Hosier bail, even when the soil is suitable. 
Going across half a mile of open fields at 5.30 on a winter's morning to do the milking may 
well outweigh the fact that after milking there will be little or no mucking out and other 
unpleasant jobs to do, as would be the case in a cowshed. Yet one should never forget 
that where a Hosier bail can be used the year round the cow has already mechanised the 
dung cart by leaving her manure exactly where it is wanted. I do not think the gen(»ral 
Jow^er average of milk obtained by using a bail is due to milking out of doors anything like* so 
much as it is due to the mass production methods necessarily employed and the small 
amount of individual attention which can be given to each animal, both as regards breeding 
and feeding ; in fact I have known a Hosier bail of sixty Shorthorn cows with a recorded 
sale averaging 900 gallons of milk per cow. 

Therefore when we ask, “ Is your building really necessary ? it may not be for the 
animal but it may be for the soil and almost certainly demands a compromise in favour of 
the workers in attendance. Yet I am also convinced that much can still be done in reducing 
the number of expensive functional buildings required for livestock. For instance a good 
diy quarry or chalk pit can very well be used for fattening pigs and I have indeed seen sows 
producing strong large winter litters in perfect health, when force, niajeiir had dictated that 
their only shelter would be one sizeable heap of straw per fanowing sow on oj)en pasture. 
I think the same ])rincij)le applies to wintering store cattle. Although it is probably 
necessary to keep calves weaned at birth warm and under cove^r, anything over five or six 
months can easily be kept hi a spot that is dry and sheltered from the wind, with only a 
minimum of overhead cover. This again allows manure to be made close to the spot where 
it may be needed. 

Summing up, 1 should say that we have not by any means rcaclmd the limit of useful 
imiirovisation in ri^ducing the number of buildings which we may require for livestock of all 
sorts. In my view it would be unsound, in these days when horse traction on the farm is 
disappearing, to think of putting up (expensive stables, when all that is required is a 
sheltered paddock with a dry standing. 

Where we are going to improvise with rough shelter and temporary buldings we should 
try to see that the workers are saved long journeys in exposed conditions and deep mud. 
Even that consideration should be balanced by the amount the workers are saved in mucking 
out fixed buildings and expensive handling and re-handling of manure and feeding stuff, 
i.e., on outlying parts of the farm it may be of great advantage to grow winter food for young 
stock at a spot where their own manure can be returned to the laud where it is most needed. 

One of the most imjiortant factors in doing away with expensive functional buildings 
for livestock lies in having good dry approaches. Gateways and so forth, can often be stoned, 
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gravelled or chalked fanwise, with immense advantage to livestock and the comfort of their 
attendants. The mere stoning of the gateway itself is not enough. This is one of the odd 
jobs on a farm that should be constantly kept in mind for slack periods when other work 
is not so urgent, and should be ])art of farm routine. 

Now we come to the second part of our problem. Can we re-model our existing buildings 
by adaptation and improvement ? On the first question it became clear that the housing 
of livestock is complicated by the individual aspect, soil and rainfall of every farm. All 
these problems are equally with us in re-modelling. Added to that there is the infinite 
variation from farm to farm of the style, state of repair, lay-out and general suitability of 
existing buildings. Very often, on looking at the accretion of sheds, barns, yards, granaries, 
etc., which have grown up during the centuries on a farm, one is tenqd^id to say, “ Put the 
bulldozer through the lot,'’ and few can deny that in many cases it w'ould be the ideal 
solution. Yet here again there are a variety of considerations which should make us think 
most carefully. Foremost there is the question of shortage of material and labour. Then 
there are the ever-changing demands of new' methods in farming to take into consideration. 
The ideal lay-out of to-day may viny well be as difficult and out of date to-morrow as the 
buildings of our forefathers are now. I have seen more foolisliness in building de noro than 
in almost any othe^r branch of farming. Elaborate complete new lay-outs are far more 
(^ften attempted by the newcomer with capital than by the man who has spent som(^ years 
on the farm In^fore he attempts it. Of course once a man has got used to second best he is 
very inclined to continue to make do ” out of habit, even when the chance for better 
building occurs. 

When I first started to farm, twenty-three years ago, J took over a set of buildings 
designed for the days of corn and sheep. They wTre in imminent danger of collapst^ ; so 
imminent that they did in fact collapse wh(m ] put a ro])e over one of the raft<t»rs and hauled 
hard with three or four men at the end. Using the old site I then erected a moilel thii*ty-cow" 
dairy, toww silo and manure }>it with an overhead <Uing carrier. l.iOoking back on them 
the\' WTTO not bad buildings and w^ould to-day be quite suitable on many farms, but in tlie 
long run they proved utterly unsuitable for what I needed. In the fin-jt place they were 
in th(' bottom of a valley which was the collecting centre for the rain run-off of about five 
hundred acres and, therefore, totally unsuitable for a large head of stock. Secondly I had a 
long uphill battle to get water when I wanted it, and not, when 1 did not ; thirdly milk, 
grain and dung all had to be haulwl uphill before they could reach market or fields res- 
pectively. The use of water in washing down and cooling in a Grade A. dairy ultimately 
presented me with a drainage problem that was all but insoluble and so, although the 
buildings were not badly })lanned in themselves or extravagantly built, I found it cheaper 
six years later to abandon them completely. Two winters on the farm, before 1 })ut up my 
new' buildings, would have convinced me that a new site was necessary. On the same farm 
I had a small set of rather dilapidated outlying buildings on higher ground. Here 1 did 
no more than make good the bottom of the yard and do a few necessary repairs, but these 
buildings are still in use as a young stock centre and granary : quite probably they will 
continue to be used successfully for the same purpose for years to come. 

This may be only a personal record of the foolislmess of inexperience, but I have since 
observed how often it occurs even when much more experienced farmers and farm managers 
take on a new farm with plenty of money behind them. Often, as a War Agricultural 
Committee member, I have seen the new owners’ proposals for complete new sets of farm 
buildings where high-class stock are going to be kept and new machinery employed. 
Luckily for the owners in many coses the original plans had to be scrapped, owing to the 
shortage of labour and materials, because, splendid and satisfying as they may have a])f)eared 
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on paper, I felt convinced that in a few years’ time the>^ might have become white elephants, 
redundant and unworkable. 

It is easier to over-build on farm buildings than anytlung else. The truth of this can 
still be seen in that on nearly every farm to-day the replacement value of existing farm 
buildings, for insuranc^e purf)oses, comes to more than the saleable value of the land and 
buildings. In other words, the capital value of drained and reclaimed land has been spent 
several times over on buildings in the course of two centuries for the sake of more efficient 
])roduction. Each change in farming practice has demanded new buildings. Each era of 
j)rosf)erity has produced large new structures. Each era of depression has seen the loss of 
many old ones by the attrition of neglect. So, before putting the bulIdo7x»r through our 
existing buildings, we must be extremely careful about future trends and always ask our- 
selves what we can reasonably make do ” with at a moment when bu!Ming is so difficult. 

The first principle, when faced by a specific ])roblem of insufficient, ill-adapted oi* 
dilapidated farm buildings, is to examine it : — 

{a) From the aspect of possible future aids, such as water find electricity, whert* 
these are not present. 

(6) In the light of farming requirements likely to be permanent. 

To deal with (a) first, the situation of the farm in relation to water, electricity and 
ad(X|uate housing is of prime importance. It is probable that a (heap electricity 8U})ply 
will ultimately reach 60% or even 75% of our farms, but on the rcunaiiider electricity at 
least wdll remain an exj^ensive luxury to obtain, owing to isolated conditions or slowness of 
devolo])ment. So too a good cheap jhped water suj>ply on many out-lying farms may well 
l>e beyond the practical scojie of development, and, generally f(n' the same reasons, a supply 
of good cottages for labour ma}'^ not be easily forthcoming. The equipment costs of a remote 
upland farm (1 am not sf)eaking here of the hill farm which presents a parallel but different 
})roblem) might very w ell be double that of a farm situated with easy I’oad access, on a good 
water main, reasonably close to some centre of population. 

Generally the upland or off-lying farm is on relativeh' infertile land. ITntil we are 
much more certain of our fate as an intensive agricultural country it would be unwise to do 
more than the bare minimum in the way of adapting farm buildings or building new ones 
in such situations. Probably the answer for these farms is some grain, if the land is suit- 
able, combined with young stock and/or sheep. Here few farm buildings are necessary : 
we should have g(X)d fences, shelter belts and adequate dry storage for the minimum of 
implements, seeds, feed and manures, a few boxes for stock together with reasonable road 
access. In certain cases these farms could doubtless be managed from a distance, with 
modern transport, but there will always be a number of individuals, both farmers and workers, 
who prefer a more sc^litary life and are not necessarily influenced by lack of amenities such 
as electricity and water sanitation. Nothing can be more futile than trying to push intensive 
dairy farming into such places. Apart from the very much greater need for water the days 
of milking by hurricane lantern are over and electricity will be almost as necessary as 
water for the dairy farm of the future. These more remote farm lands will probably always 
be our reservoir for sheep and store cattle. 

There remains the problem of converting more accessible farms which were designed 
for a different purpose in an age when time and labour were of much less account. For 
instance, where grain and crops are sold off the farm, the position of the farm buildings is 
more important in relation to the main road than to the shape of the farm. Ideally the farm 
buildings should be (^lose to the centre of the farm, but in practice, as far as cash crops are 
concerned, provided buildings are close to the public road, they could be almost as ideally 
situat(xl on the centre of a semi-circle and even, with modern transport, on one of the 
narrow sides of a rectangle. Where dairy cattle are to be kept, it is necessary to have the 
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main buildings easily drained and situated where tliere is easy access for rotational grazing 
all round the farm as far as possible and, above all, where a good water supply can radiate 
not only to the buildings but to the surrounding fields. If the old buildings are really badly 
situated, from the i>oint of view of stock, that would be a factor in deciding whether to 
patch up or build de novo on a more suitable site. This again will have to be considered 
in relation to the siting of the farm house or stockmen’s cottages. 

Coming to (6), namely farming requirements, it is probable that there will be a )x?r- 
manent demand for improved quality milk ; therefore, other things i>eing equal, it is reason- 
able that trouble and expense should be incurred in the adaptation of buildings for clean 
milk. If the type of farming is dependent mainly on the individual caprice of the fai‘mer 
and what is perhaj)R only a temporarily profitable market, then, in my view, adaptation 
should be as cheap and improvised as possible. An extreme case of this sort might be the 
farm turned over to pigs on the strength of available swill from a ncarln^ military camp. 
In between these extremes of permanent and temporary polu^y there are a great many 
graduations. For instance, the stockless mechanised grain farm will demand large new 
implement sheds and probably a grain drier with silos, jjerhaps also a grass drier, which can 
mean a very large outlay per acre on fixed equipment ; this would have to be iindertaken 
against a relatively insecure future Pir.st of all it has not yet been finally demonstrated 
that this sort of farming, even with our mild climate, can continue indefinitely : secondly, 
i)ecause grain can easily be transported and stored, the future of a profitable market for 
grain in this country is very precarious ; thirdly, to-day’s methods of drying grain and grass 
may easily be out of date within a very few years. Therefore if there is a t*han(te of using 
available drying plant and storage room, either in conjunction with a neighbour or a local 
grain drying depot, it would ap]>ear to be sounder, even though it may be temporarily in- 
(Mmvenient, to do this, than to erect one’s own buildings until tlie future, both of technical 
and economic trends, becomes clearer. There is little doubt that more and more of our 
grain will eventually be combine-harvested. By itself this will mean revolutionary 
developments in drying and storage and may probably make the present })ioneer8’ able but 
individualistic methods out of date. Later I shall discuss an all rouiul compromise when 
(ionsidcjring the form new buildings should take. 

Thus we can arrive at some general principles in considering the adaptation of each 
individual fai ni to modern needs. First, if the farm is remote ainl of a low inherent fertility 
it would apjK^ar to be wise to do as little as possible in the way of e.\})ensive building and to 
treat it as a reservoir for supplying the more intensive and accessible farms with young 
stock, treat ing the arable side of it mainly as a matter for contract work, unless the farm is 
suitable to be turned into a large scale store stock ranch. Second, if the farm is reasonably 
well suited for intensive agricultuns then more expensive achiptation can be faced, provided 
that the existing buildings are suitably situated for labour and stock, drainage and watei’ 
supply, Third, make-shift improvisation and a certain amount of temporary inconvenieiK c 
is probably the sound policy wliere the main dependance is upon specialised production, 
the future of which is uncertain. 

From this it is possible to consider more in detail the ty])es of adaptation that are 
needed. The first question is how best to save the labourer as distiiK^t from saving labour. 

I believe it is possible to be grossly extravagant in designing or adapting buildings merely to 
save man hours. A farm cannot be divided into specialised fuiu‘tions, even were it desiiable, 
as con be done on the assembly line in a factory or even in an office. Tlie moment one 
start® thinking only in terms of man hours, the following can easily occur. Figuies can 
prove that by putting up, or adapting, a building to one specialised purpose it is possible to 
save X number of hours per year, which will more than pay the 5% interest on the cost 
of building. The next thing that happens is that those saved hours are probably wasted 
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in standing around or, what is more probable, that half the time the farm is definitely short 
of labour to do necessary jobs which generally crop up, but are not allowed for when making 
out a schedule. Much work is therefore scamped and the workers more dissatisfied. I 
have seen ultra-mechanised labour-saving farms abroad where the work for the few labourers 
who remained meant nothing but sheer slavery, albeit highly paid. Also a costly functional 
building may deteriorate rapidly and become obsolete. The interest thus saved in lower 
labour costs may ultimately be turned into a complete loss of capital. 

On the other hand where workers can have dry conditions and move stores with the 
minimum of back-breaking effort and inconvenience, and where they only have to walk ten 
steps in a direct line instead of fifty round innumerable dark and muddy corners, then 
a real saving is accomplished, both on behalf of the worker and the farmer. Sometimes it is 
not the building which causes the iinnecessary steps so much as bad oi^^anisation of labour 
on the part of the farmer or the worker himself. For instance, it is a very common thing 
to see, in a well designed cowshed, the feeding })a8sage blocked with bales of hay or other 
paraj)hernalia while the wwker goes up to feed behind each individual cowin turn saying, 
as he does so, Git over Dolly.” In such a case designing a cowshed with a feeding passage' 
is sheer waste of capital. 1 remember going over the only non-modern, ricketty building 
on a famous farm in California. This was an old barn converted into a mill in three storeys. 
Across the lint(i on the first floor was strung a number of washers on a wire. Every time 
the miller went upstaiis he transferred a w^asher from one side to the other ; at the end of 
the day he counted his w^ashers to find out how efficiently he had organised his own labour 
— a lesson wdiich we might all take to heart ; but this is digres.sion. 

The ordinary farm building lay-out in England is generally three or four sides of a 
quadrangle with off -shoots. Here the first necessity is a sound bottonj over the yard. 
If the buildings are shallow then possibly the best use for them, as far as stock are concerned, 
is for young stock and calving pens, using a barn or bigger building as a store for bulk and 
(joncentrated feed. On the whole it is probably better not to mix this tyj)e of yard with 
milking b>res. On the other hand the buildings may have at least on(‘ or two sidc^ 
sufficiently wide to adapt as a single row of cow standings so that the dairy for milk cooling 
and willing up may he placed eithci* at one end or where the two sides join. Provided the 
mixed food need only be brought a very short distance it is ])robably a very useful com- 
])romise in adaptation, in older to avoid a complete new' set of buildings. 

It may be possible to have rough cow standings, if the cow's have to lie in, and to 
adapt one smaller building as a milking parlour. This is only a pra(^ti(;al proi^edure if the 
cows have a good dry and convenient gathering ground for exit and entran(‘e during the 
summer. It makes for much cheaper adajitation than an individual stall for each animal 
to be milkcxl in, and probably facilitates mucking out and conservation of urine in the 
litt/er. In the West Country, where less straw is grown and rainfall is high, (tattle will 
probably have to be kept in winter tyings as there w'ould not be sufficient litter for open or 
covered yards. Although, with careful management, and use of litter other than straw such 
as bracken and other waste organic materials, lack ot straw should not present an insuperable 
obstacle. Where animals can lie out the year round I would always be inclined to build or 
adapt a milking parlour rather than a range of expensive milking sheds. The more we go 
in for high quality of milk the more likely it is that the milking parlour, which is very much 
easier to keep clean, is an answer to our difficulties. 

Another solution is to use existing buildings for store cattle and down cal vers and to 
build a new milking parlour with a good shelter yard for wintering stock close by, so that the 
same feed stores c^n be used for all stock, with economy of lal>our. There is not space here 
to go into the controversy of horns versus de-horning when dairy cattle are kept in winter 
yards. When a very large herd of cattle is kept winter straw yards present a space problem 
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that is admittedly difficult. 1 do not believe that more than 40-50 cows is a good dairy 
unit ; above that milk is a matter of mass production, individual care in breeding and feeding 
is far more difficult. Except in cases where very large herds are concentrated, a good 
sheltered yard with feeding mangers suitably arranged under cover is a great saving of 
expensive functional buildings. A yard divided into 10-15 cow units and arranged so that 
one cart or trolley can feed into racks and mangers on each side is, of course, the ideal, with 
food stores close to one end. Here too is the right place for the silo, should such be used. 
In these yards better dung can he made than in a shed, and it needs handling only once. 
Uprights of the shelter shed should he filaeed for jdenty of room longitudinally, and laterally 
for a tractor to work with a manure scoo]) attachment for loading. The partitions dividing 
the yard should be in easily movable panels for the same reason. Above all the bottom 
should be sound and well drained. Diagrams of layout and movement flow are clearly 
set out in the Farm Buildings Committee’s Report. 

At this point I think it is worth while going more deeply into the milking parlour 
(iontroversy. I will readily concede the difficulties of horned cattle standing about in a 
fairly confimnl spatic Indore milking, and the fact that it may >)e more difficult for the 
cowman to give individual attention to each cow as she comes in. On the other hand your 
good cowman should he able to do this just as well with a milking parlour as on the cowshed 
dairy system, and your bad cowman will not be any good anyway. The question of time 
allowed for feeding concentrates according t*o yield is to my mind a much more serious 
(consideration. 1 would, therefore, advocate lhat the milking ])arIour is designed so that 
the animals can remain for at least nine or ten minutes to consume their concentrates befort‘ 
passing outside. Thus, if tlune are three milking units being operated I would have a milk- 
ing parlour of twolve standings, which would allow' for three cows being milked, thiw being 
st.rip])ed and six finishing their feed before the l)ateh was turned out to make ready for the 
next detail. If two units wore in operation 1 wmdd give an eight stall ])arlour and so on to 
four stalls on the small fifteen to twenty cow farm. My reason for this is that no matter 
wiuit, the changes may he infai niiug there is probably no farm wliieh will not want, according 
to its size, to milk a minimum number of cows. Therefore the milking parlour is nev(*r 
likely to become re^lundant as might ha])peii if a sixty cow' dairy were fully equipped for 
milking. Moreover we have had many changes in the demands of Public Health Authorities 
as to the equipment of cowsheds. It would be easier and chea})er to alter a milking ]>arloiir 
to meet new regulations than a laige cow^shed. It is certainly very much more easy to keep 
it clean and to sterilise the pipes and so forth from the macfiine milker. In addition a 
minimum of labour for recording and cooling is needed ; wdiile we continue to wash down, 
there is much less waste of urine and water, and very much more comfortable living con- 
ditions for the cattle for the same reasons. On the wdiole quick milking methods on the 
American system are best suited to the milking parlour. 

Nothing is more uncomfortable for an animal than lying, even though bedded down, 
on recently swilled concrete. The Americans have overcome this acute discomfort for the 
animal by using gypsum instead of the hose on the standing and the dung walk, with 
excellent results in bacterial counts ; but it may take years l>ofore su(?h a principle is acknow - 
ledged in this country. However there can be no objection to using this method where 
cows are merely lying in without being milked in the same place. Again on many American 
farms dunging gutters have no outlet and the manure from them is merely scooped up each 
morning with all its urine. So that in building expensive cowsheds, according to present 
day requirements, with elaborate drains, we may be making a costly permanent building 
for a temporary demand by Public Health Authorities. Indeed it may be possible one 
day to go back to the far more comfortable rammed chalk or clay as a lying ground for 
animals than cold and not too sanitary concrete. On this question of making rough floors 
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and providing a good dry bottom to the yard it might well be j) 088 ible to use the rolls of 
steel mesh strips emplo} ed for temporary air landings and passage by army vehicle's. Also 
it is well worth considering these for our gateways and farm roads. 

Among other practical points to be considered in adaptation there is the question of 
widening sheds to make cow standings. Personally 1 do not believe in the economy of 
doing this for the whole pitch of the roof must be altered and a complete new wall set up, 
winch makes for very little saving in the end. So too, unless the walls and foundations 
are extremely good and properly situated, 1 am against taking off the existing roof in order 
to heighten the building t o get the necessary air space, unless of course the roof is in such a 
state of disrepair that it would have to come off in any case. Where a roof wants very 
serious repair and is thatched I would always advocate taking the thatch off and the use 
instead of something like cjorrugated asbestos or asbestos slates, but I would not use cor- 
rugated asbestos where the building was unlikely to be permanent as ttie sheets are easily 
broken when the building has to be taken down. There is another small j)ractical point of 
great importance for the comfort of the men ; w^here a boiler house is being put in for sterili- 
sation, it is advisable to have it large and airy enough for the men to be able to dry their 
clothes in w'et, w eather and, if necessary, be able to sit dowm for a mo.&l or a smoke at odd 
moments when off duty. If not, theie should be some room available for this purpose. 

If the barn is to be modernised it. should be done with an eye to the future use of 
el('ctricity for sack conveyors, small grinding engines, and so forth. A gieat many of our 
large old barns are full of wuste sjjaces because there is only hand labour for stacking sacks 
and bales. A very great deal (^ould be done with lateral rollei’s and porta bl(‘ escalators for 
sack and bale hoisting, especially where electricity is available. Too littl(‘ at tention has also 
been paid to the small self-propelled prime mover on large farms for intc^rnal movement of 
heavy oi" bulky materials. Such a ju’ime mover might easily make an inconvenient building 
tolerable and useful. The same machine might also work in garden, orchard and rowerop. 
Through passage for lorries and carts is also advisable. 11 roots and licavy sacks of grain 
are going to Ik* stored far too little attention is often paid to the strength of the walls and 
timbers against which these are going to rest. 

On a farm where })igs are going to be (tarried along with dairy cait ie 1 am against the 
adaptation of any main buildings for the pigs as our aim is gradualh^ to bring all our herds 
up to attested standards. Either pig buildings should be ctompletely jmj>rovised from old 
chalk pits, quarries or bale straw yards, or they should be temporary ])ortable units, away 
from all contact with the cattle. Even suitable off -lying buildings are not very satisfactory 
for pigs, if they (jan he better used as a young stock depot. 

My personal belief is that those who are breeding their own dairy animals will more 
and morc'i find it useful to draft out their elderly matrons or animals with three quarters, 
which are of the right type from which to continue breeding, as foster-mothers for the 
calves in outlying buildings. No amount of proj)aganda can persuade me that young calves 
do better on calf substitutes, or even on whole milk, than on the udder. Therefore, in my 
view, the outlying farm buildings could very well be turned into a foster-mother centre, 
where old cows may be draft»f*d to continue breeding and turn their milk jjroduction to use 
in rearing calves. When the calves are old enough to be turned out to grass it is advisable 
to put them on to pastures not grazed by the dairy herd, thus eliminating much risk of 
disease. Adaptation of outlying buildings for these j)urposes can be very cheap and 
serve a most practical end, provided alwa^^s there is housing nearby for the attendant 
workers. 

Before leaving the problems of adaptation and im]>rovisation, 1 can warmly recommend 
the plans for buildings d(^HigIled by the Home Office out of surplus A.R.P. material, especially 
the designs for a stock shed and an implement shed. If these surplus materials are still 
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available, they may solve some pressing difficulties without undue expense in the next 
few years. It is, however, to be hoped that deliveries will be made at one time of all the 
materials ordered, and that they will be up to the samples recently on view in South 
KenHingion. Again surplus tubular scaffolding, used by the military in defence works, 
can serve admirably for the skeletons of buildings for smaller barns and store houses. 

Finally wo come to the question of new buildings. Hero iny personal views are 
very decided. Ui) to fifty years ago the great barn was the centre of the farm, certainly 
its traditions run back to the Middle Ages. Here grain could be thrashed under cover and 
all through the winter, corn could be stored and all the farm's indoor activities could take 
j^lace. Again in Denmark and many parts of Europe the big single building is the outstanding 
f(iatur<\ even on the small farm. All through North America the tendency is to concentrate 
nearly everything on the family farm into one large barn. Thus I think it is clear that the 
central barn has stood the test of time. The reason why its importance has diminished in 
Great Britain in the last two generations is due to the very great changes in farming practice*. 
The decline of mixed arable farming and the rise of specialised farming between the wars, 
based on im})orted feeding stuffs, has laid the emphasis on functional buildings, for which 
the older, often V(*ry old, barn w as unsuiied ; but I believe that the large barn in a new form 
will become once again the heart of the farm. 

1 have already discussed the danger of purely functional buildings becoming redundant 
on a (change of farming practice. Therefore a sound conception in new building appears to 
me to be a barn, suitably sited, which can Ik^ adaj)ied to any use at any time. The old ones 
were* biiilt with many timbers, intersections and bays. The Americans have evolved a 
traditional two storey barn of vast dimensions. The ground floor generally houses all the 
livestoc'k on the farm throughout the winter. Because of its breadth and depth it is 
generally dark and not ideal. Above the ground floor is a small agricultural cathedral nave 
with (H)mpletely unencumlK*rod floor space, often about 40 ft. by SO ft., in breadth and 
length, and very oft(*n 25 ft. to 30 ft. high. Into this goes the year’s croj) of hay, much straw 
and often the milling (»qui})meiit as well. The advantage of this tyjx* of two storey barn is 
a})parent for the American winter climate, in that the overhead covering of hay and straw 
kecqis stock warm throughout the coldest winter ; but it provides a good many difficulties 
of ventilation ; w'here the buildings are of wood, there is great risk of fire and loss of live- 
stock. Jt would not seem necessarily to be a suitable building for ourselves, for the saving 
in roof s}>a<ie by tw’o storeys is largely lost by the cost of timbers and floor necessary to take 
the weight of hay and overhead stores. Moreover lat/cral movement of fodder and concen- 
trates can be just as economical as vertical movement by gravity. 

If, on the other hand, we could use the general plan of the top floor as a model for con- 
structing a single storey shelter on the ground, wo would have a really useful all round 
building. It is possible, using steel, timber or concrete principals, to build a shell which can 
be as wide as 40 ft. tuid as long as is desired, without having a single interruption in the 
floor area. There is no need to have one building for implements, another for manures, a 
third for feeding stuffs, etc. ; they can equally weU, and more conveniently from the labour 
point of view, he under one roof. Moreover the construction can be so strong that an over- 
head carrier depending from the roof ridge can be used to convey fodder at any height 
desired. It can also be used to store lighter vehicles and implements overhead and out of 
the way when not needed. There is probably no more cumbersome and inconvenient way of 
storing light implements than the system we lised with our old narrow^ bay cart sheds. The 
heavy implements, like tractors and rollers, can easily be stored in a lean-to against the 
long side of the bam. 

In my view it would be a good thing if such buildings could be standardised in general 
defidgn so that firms, whether working in steel, timber or concrete could supply principals for 



104 


Fixed Equipment on the Farm. 


franiework to a farm at any time and, where desired, the filling in of wall and/or roof between 
the principals. The following suggested dimensions for standardisation are made as a basis 
for consideration and not as a dogmatic fhiding. In our country I believe the requirements 
of the cow should l)e made the basic unit. On the whole a 4 ft. standing is the right width 
for most breeds of cow: 3ft. 6 in. is too narrow. Again an 8 ft. ceiling, provided there is 
ade(|uate light and ventilation, is suitable for a milking parlour or single line of standings. 
P3ven if 8 ft. is considered too low as ceiling it is still a good height for the eaves upon which 
tx) lay a concave ceiling. Again an 8 ft, length is a suitable one for a cow standing or lying 
down. Thus if the walls were to be built of any kind of sheeting these should be 8 ft, by 
4 ft., wliich is a unit that is easily handled, except in the ease of concrete. There should be 
two standard widths for such a building, say 20 ft. for the small farm and 40 ft. for the larger 
farm. The distance between principal uprights should be 12 ft. The height of the roof 
would be standard, in the Gothic sliape shown in the accompanying photograph, or a hipped 
gambi el roof, and strong enough to bear an overhead carrier with a hoist of at least 1«5 cwts. 
At one end a door, sufficiently large to allow ingress for any farm implement, should be made. 
If jK)ssible it should have a similar door at the other end. If the building is a long one it 
would be wise also to have at least one pair of doors, opposite each other, in the centre of the 
sidt^s, big enough to take a tractor and manure loader with ease. The barn should be so 
sited that expansion is possible at one or both ends. Hej e we would have a building that is 
at once permanent and flexible in that it can be extended at will and the inkTiial fitments 
altereil to meet changing requirements. 

vSince writing this article I have seen a barn of this type on a large farm in Switzerland 
which in many w^ays is an advance in design on the others I have seen. It is single floored, 
about 90 ft. by 75 ft. There is a central nave unencumbered, about 30 ft. high, w ith, in 
this (^ase, a conveyor belt for hay under the roof ridge. The width of the nave is about 30 ft . 
and the arch Gothic in shape. The roof is of relatively shallow single gable span (covering 
the whole width of the building. On each side of the central nave there is an aisle, about 
18 ft. wide and about 16 ft. to the eaves. The construction was in timber of heav;V' dimen- 
sions and so designed that aisles and nave were strengthened by each other. Tins building 
appeared to present fewer problems in roof building and in pi^efabrication than the ordinary 
Gothic or gambrel roofed barn. It appeared to be adaptable to laminated principals, 
concrete or steel construction, in smaller sizes even to tubular construction. It ])rovided 
an all-purpose central nave with two long wide aislcvS, which could be used in bays for 
storage or in one uninterrupted length for cow standings through which a cart or tractor 
could go the whole length without obstacle. It was in fact three all-purpose shells under one 
roof. This particular barn was king used for six different purposes at the same time and 
over part a second floor had been built inside the skeleton construction. 

I bciieve it would be a saving if the floor were slotted inside to take movable uprights, 
in the same way as posts for tennis nets are sometimes slotted into the ground on hard 
courts. These slots could always be capped so that, when not in use, the floor would be 
level. They could be designed for calf pens, bull pens, down-calving pens and so forth, 
also they could be used as slots for uprights to make extra platforms for storage should these 
I)e desiied. Standardisation of equipment for these could be arrived at similar to that 
suggested on the dimensions of sheeting, etc., given above. For instance, if beef cattle are 
being kept, the tractor with dung scoop could go right through the building to remove the 
winter’s depth of dung without being cumbered with low eaves and innumerable bays, etc. 

The uses to which such a barn could be put are almost limitless. The milking parlour 
and dairy could be set at one end if desired or one part could be turned, with great ease, into 
49 ihgle or double line cow standings. Stock, fodder and feeding stuffs could all be housed 
im^r the same roof as well as implements, grain and fertilisers. If the farmer wished to go 
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infer grain drying and storage the building would be equally as well suited for that purpose 
as for intensive dairying. If grass drying were required it could be done under the same 
roof. It is possible that we may contrive to dry hay and even grain in most seasons by using 
an electric fan with cold air occasionally supplemented by hot. For all these purposes such 
a building could be used. If it is needed as a Dutch barn, then side walls would not be 
required. At the same time one part of it could be used as a tractor and implement repair 
depot under cover with easy access. All the many wet weather winter jobs could be done 
under this shelter. Another point of importance is that a small, but none the less substantial 
acreage of potatoes will probably continue to be grown on most farms for some years to 
come, since experience is showing that the best potato land will have to be rested more and 
more in order to prevent the ravages of disease. There is no job more miserable than 
riddling potatoes in the open during the winter season, but if the clamp is housed in a corner 
of the barn this job ceases to be a bogey. 

8 ci(mtific ventilation of new buildings is clearly a matter for the expert, but no matter 
liow new ventilation systems are devised the w'orking thereof depends in nearly every case 
on the human element. Most stockmen are traditionally stuffy-minded and can defeat 
the fiosh air hygienists at every turn. Apart from louvre ventilation in the roof, which 
may not always be satisfactory, there is one S3r8tem which can give adequate air without 
draught, and which cannot be sealed off. This consists of very small slots at regular inkuwals 
in wall and roof through which air, but not rain and storm, can enter. This method of 
vc'iitilation is well worth the attention of firms building prefabricated w^all sheets. 

l"luT(* is one other small point about dairy equipment into which wx» should enquire. 
Th(* AuuM ican system of cooling, which is highly successful, is merely to immerse the ten 
gallon churn in a shallow w^ater tank, up to the churn's shoulder. Even where these tanks 
do not liave elecitric coils in th(*m for cooling, results are generally favourable. This saves 
double handling of milk over our radiator coolers, and thereby reduces the chance of con- 
tamination very considerably. Moreover there is none of the difficult washing up and 
st erilisation of the cooler involved in the immersion system and no waste of water. Provided 
no more t han about ten churns are handled at a time there is very little difficulty in lifting 
them (»ut of the immersion cooler owing to the balance of weight between the surrounding 
water and the milk inside the churn. If however, immersion tanks are used for (tooling, 
time for the milk to be cooled must be allowed Ixdore collection. 

Before concluding this article mention must lx? made of fodder silos. There is no doubt 
but that we could grow^ highly satisfactory croj>s of hybrid maize. Maize silage is wides})read 
throughout North America and is the mainstay of winter food, but here, unless the whole 
country simultaneously started to grow' maize for this purpose, bird damage at seeding 
time would render it almost impossible to secure a crop. Apart from those with very 
specialised experience in growing and harvesting maize silage, 1 am, therefore, of the 
opinion that grass and the ordinary English fodder crops will continue to be the materials 
used by silage growers in England. There is no doubt that good silage is a most valuable 
food, but a very great deal more development in mechanisation of its collection in the 
field will have to take place before it becomes a general practice. 

Therefoi'e, unless the farmer is an experienced and regular silage maker, the provision 
of tower silos is a luxury rather than a necessity. Personally I should be inclined to ad- 
vocate trench silos, wherever the nature of the ground makes these possible, otherwise some 
form of portable silo would be the most sensible type to use until the practice becomes much 
more widespread and better mechanised. I have even seen successful silage made in a 
circular silo of baled straw liound by strong wire ties. Small portable wooden or concrete 
silos could very easily be introduced under cover in the central barn ; in fact they could be so 
designed as to be convertible from silage to grain bins or for other storage purposes. 
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Throughout tliis essay certain considerations have boon implicit, but an explicit warning 
is necessary. 1 believe that economists might well be more usefully employed than they 
sometimes are, if they were to study the relationshij) between soil productivity and capital 
cost of fixed equipment on the farm. We arc far too inclined to say such and such a building 
must be necessary for the sake of good estate management , without relating this to what 
the land can produce while maintaining fertility. For instance what would be reasonable 
and ])rovident as buildings on an intensive Fenland farm might be pure extravagance on a 
similar acreage of Bagshot sands. Although this is obvious in the extreme example just 
quoted, there are very few guides except pure horse sense for less sharply marked 
differences. It is of the utmost importance to have some more detailed studies as a general 
guide to-day. First, because from now on tlie State is insisting on good estate management 
for rural landlord and owner* occupier alike ; second, because the valium of buildings must 
depend on steady Government policy for English agi’iculture. Good husbandry and good 
estate management are not separate departments but two sides of the same agricultural 
medal. Both depend on the soil’s capacity in the last event, but both are at the mercy of 
Government caprice in agricultural policy. Enforcement of good estate manage>ment can 
only be fair when there is a sound yardstick to guide administration, first in the relationship 
of fixed equipment to sound ])roduction from ea(*h individual farm, and, second, in relation 
to a stable agricultural policy as far as this (tan be guaranteed. For example need for a 
])acking shed for lettuce must be judged first by the suitability (^f the surrounding land to 
grow lettuce, second by the general probability that the lettuce will be marketed at a fail' 
pri(te and not ploughed in because surplus foreign h'ttuce is dumped in Go vent Garden. 
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TOE RESIDUAL MANURIAL VALUES OF 
FERTILIZERS AND FEEDING STUFFS 

The problems involved in studying the residual action of manures with specific reference 
to the valuation of ‘ imexhausted improvements ’ have always been a keen concern of the 
Royal Agricultural Society. The pages of its Journal have been the medium of publication 
of most of the major contributions to the technical discussion of the subject, including, 
notably the outstanding contributions first of Lawes & Gilbert, and later of Hall & Voelcker|f 
which laid the foundations of the method of assessment of this particular item that is now' 
widely used in valuations. It is appropriate, therefore, that with the recent opening of a 
n(‘w chapter in the exploration of the subject (Ref. 1) a review should be given here of the 
evidence upon which the ])ro])osed new tables «are based, and an indication as to how and 
why they differ from their forerunners. 

A Conference, whose report was issued in May i94(), was convened by the Ministry ot | 
Agriculture, at the request of the Cent ral Association of Agricultural Valuers, “ to examine 
tht^ Tables for liesidual Manurial Values of Fertilizers and the Manurial Values of Feeding 
Stuifs, with a view' to suggesting any necessary revision of such Tables.’* Under the 
chairmanship of Professor Scott Watson the (conference, which included both agricultural 
chemists and represent ativcvs of the Valuers' Association, had the advantage also of 
discussion with the ^National Farmers’ Union, the Central Landowners’ Association, and the 
\^iliiers’ Association, and its unanimous Report has received tlie general agre^ement of these 
bodies. No such unanimity of sup[)ort was secured for any previous recommendations 
and table's. 

For the earliest reference* in the Journal to the problem of ‘unexhausted improvements' 
one has to go back to its vory b(*ginnings. Over a century ago Philip Pusey wrote in Volume ^ 
“) of this Journal, “ The subject of unexhausted improvements seems to me the most 
important of all agricultural subjects for landlords at present and the improvement of our 
agreements in this respect to be a condition sine gnu non of any steady and general imi)rove- 
mt*nt of the soil or its cultivation.” The subject w^as vigorously debated in the ’seventies. 
In 1870 J. B. Law'cs read a ])aper (Kef. 2) before the London Farmers’ Club on “ Exhaustion ^ 
of the soibin relation to Landlords’ Covenants, and the Valuation of unexhausted Improve- , 
ments,’' and, at about the same time, the Irish I^and Act awarded com|>ensation to an 
outgoing tenant for tillages, manures and other like farming works, the benefit of which 
is unexhausted at the time of the tenant quitting his holding.” This led Lawes to preface^ 
his first paj>er on the subject in this Journal (Ref. 3) by the comment that “ the Act is very 
explicit in aJ) that relatexl to the legal machinery by which claims may be tried or established ; 
but it gives no information as to what constitutes unexhausted value, or how that value is 
to be estimated.” In a series of pamphlets (Refs. 4 and 5) and in joint papers with J. H. 
(Jilbert in this Journal (Refs. (}, 7 8) Lawes argued against the old local customs of allowing 
one-half or even two-thirds of the total expenditure on feeding stuffs in the last year of the 
tenancy lis compensation for unexhausted manurial value. Expensive ingredients, such 
as soluble carbohydrates and oil, in foodstuffs for animals might have negligible manurial 
value as foods for plants. “ A fundamental principle of the valuation is to take as the 
original value of the manure not its cost-price but its properly ascertained rnaimre-value ” 
(Ref. 3). Lawes showed how the results of his feeding trials and field experiments could be 
used to relate the residual manurial value to the contents of nitrogen, phosphoric acid and 
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potash in typical samples of the feeding stuff, and he drew up a series of tables showing 
compensation values over as many as eight seasons. The various tal)le8 of Lawes were much 
discussed, but never widely used in their original form 

Soon after the first residual value table was published in this Journal in 1875, it was 
urged on the Council of the Society that tlie matters at issue should be settled by directs 
experiments on different soils and under different conditions. After a full enquiry the] 
Council decided instead to avail itself of an offer of assistance from the Duke of Bedford and; 
to set up an Experimental Station at Woburn under the direction of their consulting chemist 
(first, A. Voelcker and later, J. A. Voelcker, his son) to test the residual manurial value of 
corn versus cake when fed to animals in the yard or on the land. Later A. D. Hall set up a 
s|iecial experiment on residual values in Little Hoos Field, Rothamsted. J. A. Voolokei 
and A. D. Hall revised Lawes and Gilbert’s tables in 1902 (Kef. 9) and again in 1913 (Ref. 10) 
and, with a few minor modificjations, their tables have remained in fairly general, but by no 
means universal, use up to the present time. The Royal Agricultural Society, finding itself 
dissatisfied with the range of actual experimental work available, in 1937 invited the Roth- 
amsted Experimental Station to supplement its residual value experiments on arablt' 
land by one on permanent pasture, using the grazing animal itself as the measure of im])rovc- 
ment. The results of all these experiments are discussed iri outline below. 

THE WOBITRN EXPERIMENTS. 

The story of the Woburn experimtuits from 1870 to H)33 on the manurial values of 
cake and corn was told by the late J. A. Voelcker in his joint book with Sir John Russell 
(Ref. 11). It is a tale of disappointment and disillusionment, illustrating very well both 
the inlien^nt difficulty of devising sound exjjcrimental tests on matters of husbandry and 
the danger, in the absence of such tests, of relying on convenient rationalisations to su})port 
traditional views. Sixteen acres of Stackyard Field ww? set out in four (Mpial-sized blocks, 
each to be under the four-course rotation — ^roots, barley, seeds, wlu^at - witli each crop 
occupying one block each year. Eac;h block was divided into four one-acre }»lots, Tht^ 
seeds plots were fed off by sheep, which on Plots 1 and 2 received about 6 ewds. of deoortituited 
(cotton cake or maize meal respectively. In the following* year plots 3 and 4 receiv(‘d 
fertilizers roughly equivalent to the cake or maize meal respectively. The root crops 
received dung made in special boxes by cattle receiving roots and chaff, either with tlu^ 
addition of 1 ,000 lb. of cake or maize meal on Plots 1 and 2 or without addition on Plots 3 
and 4. Roughly equivalent amounts of fertilizers were given to the roots and the followimr 
barley on Plots 3 and 4. 

TABLE J. 

Average (tnnmil yields per acre Slftckyard FieM, Wofmrn 1877' 85. 


Manuring 

Hoots 

Mangolds 

Swedes 

iiarley 

Swds 

lb. 

Li v€^ -weight 
increase of 

Whfmt 

Dung from, 

tons 

tons 

bushels 

1 0 sheep 

bushels 

Maize meal 

11.8 

17.0 

45.8 

356 

41.8 

Colton cake ... 

12,6 

17.3 

46.3 

302 

40.7 

Fertilizers equivalent to 

Maizo meal 

13.0 

18.2 

43.3 

250 

41.6 

Cotton cako ^ 

16.6 

19.8 

48.7 

248 

40,3 


Wlien the experiment began decorticated cotton cake cost £6 lOs. per ton and maize 
meal £1 lls. per ton but the cake dung applied to roots gave practically no greater yield 
than the maize dung, in spite of its additional nitrogen, nor was there any difference in the 
following barley. The fertilizers were superior to the dungs, the cake-equivalent being 




The Residual Manurial Values of Fertilizers and Feeding Stuffs, 109 

better than the maize-equivalent. The sheep naturally gained more weight as the result 
of receiving cake or corn, but the following wheat crop showed no difference in manurial 
value between these two foods and no advantage of feeding-stuff residues over fertilizers. 

This failure to bring out the expected ditferenoes led to a number of changes in the 
design of the experiment. It was supposed that the land might already be giving its 
maximum crops. The manuring was therefore continued with cake and corn on a much 
?*educed scale, no dung being applied to the roots and no cake or corn being fed with the 
seeds. Instead, a fraction of the roots was fed off with 400 lb. cotton cake or maize meal 
per acre on the appropriate plots and their fertilizer equivalents givcm to the other. Only 
the barley crop immediately following the manuring showed any advantage of cake over 
corn, and once mort^ fertilizers equivalent to the cake gave still higher yields. After 
s(tveral more changes a review of the whole of the results forced J. A. Voelcker to the con- 
elusion that the experiments had entirely tailed to show' any marked superioritj^^ of cake- 
feeding ov€T corn-feeding on this soil. The extra nitrogen in the urine or the dung front 
cake-feeding had been lost in someway — probably largely by leaching from the soil— before 
the following crojts t^ould utilise it pro]>erly. 

THE ROTHAJVISTED EXPERIMENTS. 

a. Liitlt‘ Hoos Field. 

This experiment was laid out in 19(14 b\ A. 1). Hall to test a number of points w^hich 
jtad arisen during tht‘ com{)ilation of the first set of Voelcker and Hall tables and also to 
prepart' the way for treating the residual value of fertilizers. A preliminary account of the 
lesults was published in this Journal in 1913 (Ref. 12) immediately after a second paper by 
V’^ot'icker and Hall (Ref. j^)) giving revised tables, which, for the first time, included recom- 
mendations for the residual values of fertilizers. The ex])criment was continued until 1926, 
arid a fullei summary of the results was given in 1940 by D. J. Finney (Ref. 13), who had, 
liowTvtT, to warn liis readers against placing too great a faith in the inferences he had 
drawm from the results. Once again, systematic lay-out of the plots and frecpient changes 
in the manuring and cropjiing systems had made it impossible to a])])ly objective statistical 
1 ests to the data . 

Some comiiM'nt on the design of this experiment is called for, because it illustrates some 
of the difficuhk's inherent in measuring residual effects. Hall rightly broke aw^ay fronr the 
orthodox method of a})])lying the manures at a definite point in the cro]) rotation. He 
aimed to measure all stages of exhaustion under the same conditions by using the same 
test crop. Unfortunately he coidd use only a single crop each year and. at that time, the 
need for replication and random isaf ion was not a})preciated. The experimental area had 
40 plots, each of 1 ^8th acre, in eight parallel strips, one for eack material tested. Eacli strips 
had five plots of which one never received the manure and (after the ])relim inary years) the 
other four gave contrasts between the immediate effect and the residual effects after one, 
two and three years. The exj>eriment had a regular pattern so that natural differences in 
soil fertility running parallel with the stri})s appeared as differences betw^een manures, and 
those running at right angles appeared as differences between years of application. There 
wfis no means of estimating the extent of these irregularities. Further, as both manuring | 
and cropping w’ere plaimed to run on four- course rotations, a given treatment of a given crop | 
would continue to recur on a given plot of land however long the experiment lasted. 

The strips were in two series : one for dung and nitrogen manures, in which all plots i 
including controls received additional phosphate and potash, and one foi phosphate 
manures, in which all plots including “ controls ” received additional nitrogen and potash. 
In Finney’s paper, which must be consulted for details, the responses to dung or fertilizers 
after 0, 1, 2 and 3 seasons are measured by the crop increases over the average of the 
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appropriate stationaiy “ controls/’ An alternative treatment is to ignore the “ controls ” 
and to use instead the ])lot8 with residues after three years. This smooths out some of the 
more j)ermanent soil in*egidarities because all the treated plots in each strip then serve in 
turn as control ” — but it runs the risk of missing some long-term residual values. The 
average residts an^ summarised by both methods in I'able 2 for the effects of three nitrogen 
fertilizers and three phosphate fertilizers and for the average supcTiority of cake-fed over 
corn-fed dung. 

TABLK 2. 


EesidiKtl value effects in Little Hoos Field Experiment. Rothani»ted. 1907-1922. 
Nitro^oii fertilizers — shoddy, ^uano. rape-dust 
PhoflphaU*/ fertilizers — superphosphate, bone meal, slag. 



Years 

Hoots, tons 

Barley 

Imshels 

Wheat 

bushels 


si nee 

per a<*re 

pi»" aere 

f)er aere 


manuring 

(4 eyeles) 

(3 eycU's) 

(4 eyele.s 

N 1 trogei 1 fertil i zer.s 

no nitrogen 

U 

2.2 

14 i 

4.9 


1 

0.9 

0.8 

1.5 


.» 

0 4 

0.8 

0.9 



0.0 

0 9 

0 1 

Nitrogen fertil izoiri 

third year vesn lues 

c 

2 K 

l.-i.O 

4.8 

I 

1 .0 

1.7 

1.4 


.> 

l.O 

0 0 

0.8 

Phosphate fertilizers 

no phosphate 

c 

2.5 

9 0 

1.5 

1 

2.8 

3.1 

2.0 


2 

J.s 

2. 1 

1.4 


S 

i 3 

2.9 

1 4 

Phosphate fertilizers 

A' third year residues 

{) 

1.2 

0. 1 

0.1 

J 

1.5 

0.2 

O.fi 


2 

0.5 

0.8 

0.0 

Cake-fed dung 

nn'niiA ordinary dung 

0 

1.0 

4.0 

4.0 

1 

1.2 

2 3 

3.2 


2 

0.0 

2.4 

0.4 


3 

0.4. 

2.7 

0.2 


Organic nitrogen fertilizers (shoddy, guano and iaj)c dust) showed (*loar effects in the 
yeai of apf)lication with almost negligible residual effects. (Detailed figures not ])resented 
here showed somewhat higher yields from rcisidues of shcxldy at all periods, but this may 
have been due to intiiiisic difftTences ia soil fertility between the strif)s). 

Phos])hate fertilizers show'ed both immediate and one-yt*ar residual effeiits on roots, 
immediate but no residual effects on barley and no effect, either immediate or residual, on 
wheat, a]>art from some slight superiority over the three plots without ])hosphate, which 
may have been tlie result of soil irregularity. 

The benefit from cake-fed ov(t corn-fed manure showed clearly in the year of ajipli- 
cation and for one year after a])])li cation, hut there* was no clear t^videmce in any crop of any 
residual value after t wo or three seasons. 

b, Hoos Field Four ‘Course RoUiiion. 

Tliis experi ment was started in 1 930 on a four-course rotation with one block for each 
crop each year. Each block had 25 ]>lots and different experimental manurial treatments 
were given to five plots in any one year and repeated on the same plots every fifth year. 
The combination of a foui -course cropping rotation with a five-course manuring lotation 
means that, for each material tested, the combination of a given crop and a given stage of 
exhaustion recurs only once in 20 years. By this time each one of the 20 plots for each 
manure will have been used to test each stage of exhaustion on every crop. The effects of 
soil irregularities will thus be reduced to a minimum. 
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The exporimont falls into two sections. The first tests three bulky organic manures — 
farmyard manure, straw-compost, and raw straw. The farmyard manure and straw compost 
supply equal amounts of organic matter, and the raw straw is equal in amounf to that used 
in making the com])OHt. Each manure' is analysed shortly before application, and extra 
fertilizers are added to })rovide (^qiial total amounts of nitrogen, phosphoric acid and potash 
in all three treatments. No further fertilizer is given in the next four seasons. The second 
section has two treatments— superphosphate and mineral phos])hate — a])plied once in five 
\'C‘ars with the same total amount of phosphoric acid as in the adjusted organic manures, 
but with annual applimlions of nitrogen and potash equal to one-fifth of the total amounts 
used in the organic mamne scTies. The sin)erphos]^hate series thus tests five-yearly 
])hos})hate with annual nitiogen and potash against equal total amounts of plajit foods in 
organic manures applied ever\’ five y('ars. The experiment should show in time whether 
the omission of organic manures has any cumulative effe(‘t . Mineral ])hosphate is known to 
be unsuited for this neutral soil, but it was included to serv(‘ as a control ” in the early 
years and also to test whether or not it might exert am' progressiv^ely beneficial effect over 
a long period. 

Data for each stage of exhaustion are already available in twe^lve seasons for potatoes, 
barley and wheat and in ten s(‘.asons only for rye grass. A concise summary of a few of the 
main results are given in Table 3. 

1'ABLK 3. 

Heftidual KffeclM in Hovs P'ield Fo\tr-(*om'se ItotaUon Kxperifnent^ UothanuatPAl, 1032 to 1945. 

The dung nnd straw-t'oiupost each supplied 50 ewts. organic matter per acre. The raw straw equalled 
tho amount used to make the compost. Fertilizers wore added to raise the total plant foods to 1.8 cwt. 

N, 1.2 ewt. P *05 and 3.(1 cuts. KjjO per acr<*. These manures were applied e\'erv five years with nothing 
in the four inBirvening seasons. 

The Ruperphos])hate and mineral pliosphate supplied 1.2 ewts. P 2 O 5 per aero every fifth year with 

O. 30 cwt. N and O.ti cwt. Kad as sulfihato of ammonia and muriate of pota.sh every year. 



Years 



Bye gross 



after 

I’otaBies 

Burley 

cwts. dry 

Wheat 


Appli- 

tuns 

cwt. grain 

matter 

cwts. grass 


cation 

|H»r acre 

fier acre 

per aero 

per acre 

Organic Manure Series 






Farmyard manure 

0 

0.0 

27.9 

18.9 

21.5 

1 

4.9 

23.5 

12.5 

17.8 


2 

4.7 

20.4 

10.3 

10.1 


3 

4.4 

19.3 

9.0 

15. S 

»• »» 

4 

4.3 

18. S 

S.9 

15.0 

Yields in pear of application 





21.5 

Farmyard maniin' 

Straw compost 

0 

0.0 

27.9 

18.9 

0 

.5.0 

27.8 

IS, 1 

21.0 

Straw 4 - fertilizers 

0 

O.H 

30.0 

30.0 

24.0 

Average yields from residues. 






(without additional fertilizers) 





Farmyard manure’ 

Straw compost 

Mean J- 4 

4.0 

20.0 

10.3 

16.2 

,, 14 

4.U 

2t>.0 

10.3 

16.0 

Straw fertilizers 
Phosphate aeries 

1-4 

4.0 

21.4 

11.1 

16.5 

(with nitrogen & potash anii 

iiallv) 




19.3 

18.7 

Superphosphate 

0 

1 

0,5 

5.2 

28.4 

27.5 

18.1 

19.4 


2 

5.0 

27.1 

18.8 

19,1 


3 

5.5 

27,4 

10 . S 

19.1 

♦» 

4 

5.2 

26.7 

17.2 

19,3 

Superf^iosphate 

0 

Mean 1 4 

0.5 

5,4 

28.4 

27.2 

18.1 

18.0 

19.3 

19.0 

Mineral phosphaB^ 

*> 

0 

4.3 

23.5 

16.4 

18.5 

Mean 1-4 

4.3 

25.4 

10.1 

19.2 
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The benefits from fcwmyard manure were very much less after one year than in the year 
of application, and there was a small but steady decline up to four years after application. 
In the year of application raw straw with fertilizers gave better results than farmyard manure 
or straw composts, the advantage being especially great with rye-grass, which responded 
very well to the large amount of sulphate of ammonia given with the straw. The average 
[residual effects from raw straw with fertilizers were at least equal to those from farmyard 
^manure. Farmyard manure gave better results than straw- corn post on potatoes, both 
immediately and as residues ; these two manures gave equal yields for the other crops. 
Raw straw with fertilizers gave far better results than straw- compost, though the differences 
in residual effects were small for cereals and rye-grass. 

/ The j)Iot8 with superphosphate every five years and one-fifth of the total nitrogen anti 
I potash given each year gave yields similar to farmyard manure in the year of a])plication. 
This suggests that only about one-fifth of the nitrogen in farm^’^ard ma. .tire is immediately 
available. In residual effects these fertilizer jdots were far superior to the residues of 
farmyard manure at all stages, because the annual application of nitrogen and potash sii)>- 
plied mucii more available plant food than the residues from the organic, manures. 

The superphosphat(‘ jdots brought out a most important general point in connection 
with the residual value of fertilizers. The ^deld of potatoes immediateh after applic^ation 
' was over 1 ton per acre more than from residues at any stage, but tbe value of the residues 
fell off only very slowly, if at all, from the first to the fifth year. Since mineral phosphate 
gave the same immediate and residual effects it maybe assumed that this form of phosphat<^ 
has so far been practically ineffective. If mineral j)hosphate is treated as a control,*' 
it follows that su])er]>hosphate has a considerabh* and })rolong(Hl residual effect, sinct‘ its 
residues give one ton more potatoes ]K*r acre than the residues of mineral ])hos])hate for (*ac*b 
of the five years. The high immediate effe^ct of su})er})bosphate on potatoes ch^arly depends 
in pait on the circumstance that it is applied in bouts at tbe tinu' and in tbe placi* where it 
can act most quickly on the young cro]). This is an exc(*lU‘nt foim (d “ f(*rtilizer place* 
ment/’ All residues from previous cro})s <are necessarily much less efficient, be(*ause the 
intervening ploughing dis.sij>ates them tlirough a large mass of soil and leaves no local 
(concentration near the sets. This result must be expected in all soils, but in many there is 
the additional rapid wastage through so-called “ phosphate fixation *’ or the formation 
of inert and useless residues in the ijoil. 

It will be noted that the W'heat showed no trace of response to su]H*iphos]>hattsand the 
barley and r3^e-grass only modest ones. This is fully in accord with the results of all 
])ublished exj)€Timents on cereals on old arable land in the south and (‘ast of England, as 
summarised b^^ E. M. Crowther and F. Yates (Ref. 14). It illustrates very clearly a most 
important a8})ect of residual values, which is eommonh" overlooked. The experienced 
farmer uses phosphate on the crops which most need it — swedes, seeds, })otatoes, etc.—- and 
these crops are normal 1^^ followed by cereals, which liave little capacity for utilising the 
phosphate residues, unh^ss the soil is already veiy deficient in available phosphate. 

r. Grazing Experiment in High Field. 

Since 1937 an experiment on 9 plots, each of 5 acres, of permanent grassland has been 
canied out at the request of the Royal Agricultural Society, to assess the residual value of 
cake fed to cattle. The productivity of pasture on which cattle have been cake-fed is com- 
pared in the following two years with that of pasture receiving fertilizers applied at rates 
equivalent to the estimated residual value of the cake, as given in Voelcker and Hall’s 1913 
Tables (half the nitrogen atid three-quarters the phosphoric acid and potash), and with 
that of pasture receiving neither cake nor fertilizer. The productivity is estimated from 
the maintenance requirements and live- weight increases of stock (cattle and sheep in a fixed 
ratio) grazing on the plots in the ^wo years after cake-feeding. The results summarised in 
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Table 4 show that very similar returns in starch equivalent have been obtained from the 
residues of the oakc-ftseding and from their assumed fertilizer equivalent. The benefit from 
both cake and fertilizers showed in the first year after feeding or manuring, but were very 
small in the second year. 

TABLE 4. 

experiments High Field, liothamated 1937-1945. 


hive -weight increntie, lb. per acre. 

Irtt year after eako-feodmg 

No 

treatment 

Cake-fed 

Equivalent 

fertilizers 

(kittle 

198 

2r).3 

240 

Sheep 

year after eake-ft^edin^ 

88 

92 

93 

(^attle 

219 

232 

190 

Slic^jp 

Starch effuiralent, ewt. per (wre 

8.5 

()9 

82 

iHt year after cake ftM^ding (i } 

1.3.9 

1.5.8 

16.0 

2nd year aftc^r cake- feeding (2) 

14.4 

14.9 

14.6 

Increase in two years ovf'r no treatment . 


f 2.4 

f2.3 

( 1 ) Mean of 8 fiemon». 

(2) Mean of 6 

neawik/i. 



No clear evideuci^ has been obtained of any build-up in fertility due to the heavier stocking 
f) 08 sible where r‘ak(^ is fed. 

This is probably the first experiment in which the residual bent fits from cake-feeding 
hav(» bo(m successlully measured through grazing animals. It shows that the Voelcker 
and Hall tables were of the right order for ioodstuff.s consumed on grassland. 

THE EARLIER RESIDUAL VALUE TABLES. 

A brief review of the princijial residual value tables will show' the general development, 
the changing (unphasis and the need for further revision. In their final tables (Refs. 7 and 8) 
for fK^ling stuffs Lawe.s and (filbert allowed for the small amounts of plant nutrients retained 
Uy the animal as fattening increase (iqi to 15 per cent, for nitrogen, 20 per cent, for phosphoric 
acwl and 3 })er cent, for potash) and charged the rest as “ total or original manure value 
per ton of f(X)d consumed,” taking unit jirices in fertilizers. (Tlie unit price is the cost of 
l/lOOth jiart of I ton). For all foods but hay and straw they took one-half of the original 
manuiH* value of the food as the comi>ensatiou value in the last year, and deducted one-third 
of the remainder Rt each previous year up to the eighth before the end of toiaricy. For hay 
and straw they de<lucte<i two-thirds of the original manure value for the last year and only 
one-fourth for each previous year uj) to eight. Thus, the compensation value for linseed 
cake fed to fattening animals was 26s. Od. per ton in the last year of tenancy and Is. 6d. seven 
years f)reviously. For wheat straw corresponding figures were 6s. Od. and 6d. respectively . 
Further deductions were made for foodstuffs fed to cows, according to the milk yield. 

The Lawes and Gilbert tables'were too detailed and complicated to be serviceable and 
were therefore simplified in 1902 by Voelcker and Hall, who assumed that half of the nitrogen, 
three-quarters of the ])hoHphorid' acid and all the potash reached the manure, and valued 
these amounts at unit prices based on the average of a number of organic and inorganic 
fertilizers. The full allowance so calculated was made for all foodstuffs purchased in the 
last year of tenancy, and one-half, one-quarter and one-eighth for those consumed in the 
last year but one, two, and three respectively. When Voelcker and Hall revised their tables 
in 1913 they reduced to three-quarters the fraction of potash taken as reaching the dung, 
increased the unit value of nitrogen to allow for changes in fertilizer piices, allowed 70 per 
c«nt. of the total manurial constituents for food stuffs consumed on grassland in the last 
year of tenancy only, and cut down the period of compensation to two periods — before 
and after one crop had been grown or removed. 
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Voelcker and Hall also included for the first time tables for estimating the residual 
values of fertilizers and liming materials, pointing out, however, that the influence of 
fertilizers must depend not only upon their suitability for the particular purpose for which 
they were employed, but also upon the condition of the land, and whether they had been 
rightly applied. It was also emphasised that it was imx) 0 ssible to discriminate between 
the residues left by different crops. The decisive factor is less the withdrawal by the 
crop than the changes which afterwards go on in the soil.” The allowances were on a (‘ost 
basis, various fractions being taken accor<iing to the conditions and the interval sint‘e 
manuring. Thus basic slag and superphosphate were valued at two-tliirds, one-third and 
one-ninth cost after one, two, and three arable crops, but basic slag was valued on an eight - 
year principle on grassland (i.e., one-eighth of the cost wavS subtracted each year). Com- 
pound fertilizers were valued at one-third and one-sixth after one and two crops. Nothing 
was allowed for the residual effect of quickly acting nitrogen fertilizers. Lime was valued 
on a six-year principle on arable land and an eight-year principle on grass. 

The Voelcker and Hall Tables were reissued by the Central Association of Agri(^ultu^al 
Valuers in 1939, with a number of minor changes. It was assumed that 45 per cent, of the 
nitrogen reached the dung. The valuation for lime was more drastically changed. Dress- 
ings to 1 ton per acre were allowed at one-half and one-ciuarter after the first and second 
crops ; larger dressings were treated as losing 4 cwt. calcium oxide per acre per annum and 
the remainder valued at cost up to a total of ton years. Later, a 25 per cent, increase was 
added to all compensation values to cover wartime changes. 

BetAveen the second and third revisions of Voelcker and Halls Tables there were a 
number of alternative proposals. Di*. C. Crowther in 1 9 1 3 ( Ref. 1 6) and a Scottish Committee 
in 1917 laid special emphasis on the distinction between the fates of digestible and in- 
digestible nitrogen. All the digestible nitrogen and about 85% of the potash — together 
accounting for about 80 per cent, of the manurial value — ^passed into the urine, whilst ih(* 
indigestible nitrogen and all the phosphate went into the faeces. The value of the resulting 
manure dej)end8 essentially on the extent to which the urine is conserved and used. Too 
often it is lost down the drains and the compensation value ascribed to the manure may be 
fictitious. Ti’he Highland and Agricultural Society tried a method of valuation bascnl on 
distinguishmg digestible from indigestible nutrients in the single year 1938. 

In 1927 a Committee composed of the leading agricultural chemists of Great Britain 
I'c-examined the whole basis of valuation, and a Joint Committee of chemists and repre- 
sentatives of the various professional bodies considered how^ the recommendation of the 
Scientific Committee could best be adopted in practice (Ref. 17). The Scientific Committee 
X^roposed a number of reductions on Voelcker and Hall’s Tables. They suggested that only 
40 i^er cent, of the nitrogen should be assumed to reach the manure, that a lower unit price 
be used for phosphoric acid in feeding stuffs, that a large reduction he made for feeding 
stuffs fed either to dairy cattle or to all stock on grass, and that the reduction after taking 
one crox> should be to one-third in place of to one-half. The Joint Committee did not, 
however, agree to the distinction between foodstuffs consumed on grass and in yards or to 
such large reductions for those fed to dairy cows. Many of the 1927 recommendations 
were accepted by the Department of Agriculture for Scotland, which frequently reprinted 
the two Rei)ort8 and issued revised tables, with a few additional changes (Ref. 18). In 
England and Wales both reports were rejected by the professional bodies concerned, and no 
steps were taken to implement the general recommendation that a Standing Committee 
should undertake frequent revision of the tables. 

Table 5 below has been drawn up to summarise the various estimates of the manurial 
values of plant nutrients in feeding stuffs in comparison with the current prices of 
same nutrients in fertilizers. 
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TABLE 5. 

Values ascribed to plarU foods in purchased feeding stuffs as 
percentages of thme in standard fertilizers. 

(The manurial values are residues used as dung before one crop has been grown). 



Vear 

N 

P*05 

K*0 

La wes and Gilbert ... 

1897 

38 

51 

40 

Voelcker and Hall ... 

1902 

51 

54 
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j> j» i> • • • 

1913 

59 

51 

84 

Joint Committee 

1927 

47 

78 

79 

Scottish Committee . . . 

1940 

51 

82 

100 

C/entral Assoidation . . . 

1944 

(H) 

47 

72 

Highland Society 

1944 

40 

75 

75 


In 1944 the Highland and Agricultural Society allowed 3/11 and 4/4 per unit of nitrogen 
and phosphoric acid respectively in feeding stuffs, whereas the Central Association of 
Agricultural Valuers allowed 5/8 and 2/10 respectively, i.e., much more for nitrogen and 
much less for phosphorici acid. The Highland and Agricultural Society also continued 
allowances after two erojis had been grown. One potent factor leading to the discrepancies 
shown in Table 5 was the lack of any clear convention about the unit values to be used 
for the plant foods, even when there was some memuro of agreement on the average ])ro- 
portions of the plant foods assumed to reach the manure. 

SOME OxENERAL CONSIDERATIONS. 

The study of the residual and cumulative effects of manures, cniltivations ami crop 
rotations on the maintenance and improvement of soil fertility is of vital importance to the 
advancement of husbandry, and is rightly the main preoccupation of research workers in 
soil science and general agiiculture. Their work may be expected to (jontinue to throw 
fresh light on the problems confronting the agricultural valuer, whose task, however, lies 
within much narrower and more rigidly defined limits. As these are sometimes not fully 
appreciated by the ])arties most immediately concerned in a change of tenancy", it is worth 
while reprotiucing the essential sentences of the Agricultural Holdings Act 1923 (13 and 14 
Geo. 5., Ch. 9.). 

Where a tenant of a holding has made thoroon any improvement comprised in the First 
Schedule to this Act, he shall bo entitled, at the termination of the tenaney, on quitting his holding 
to obtain from the landlord as compensation for the improvement such .sum as fairly represents the? 
value of the impnivement to an incoming tenant.” 

The First S<*hcdu1e includes under Part III Improimnntts it) respect of which of or 

Notice to Landlord is not required. 

(20), (23) and (24) Chalking, liming or marling of land, (25) Apjdu ation to hui<l t»f purchas€*d artificial 
or other purcliasoil raanur»\ 

(26) and (27) Consumption on the holding by cattle, sheep, or pig.s, or by horses other than those 
regularly employed on tlie holding, of (26) corn, cake, or other focHiing stuffs not produced on 
the holding or of (27) com proved by satisfactory evidence to have bwn produced and consumed 
on the holding.” 

It is immaterial how much the outgoing tenant may have expended on a particular oijeration, 
the valuer must estimate only its value to an incoming tenant. This immediately imposes 
many restrictions. Thus, where an arable field is left in such a weedy condition that it must 
be fallowed for cleaning, the tenant is unable in that year to derive any benefit from the 
manurial residues which might otherwise have been available in that field. In the extreme 
case of a small all*grass farm with heavy purchases of foodstuffs for a large number of dairy 
cows, the customary valuation for feeding stuffs must be drastically written down, because 
an incoming tenant would be unable to recover the full value of the compensation in the 
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form of increased crops. Again, compensation should be drastically reduced if an outgoing 
tenant has applied heavy dressings of liming materials to land not in need of lime, or if he 
has used unnecessarily expensive forms. 

Any set of general recommendations and illustrative tables can only serve as a general 
guide to the valuer and should not be ax)plied rigidly. The valuer’s main task in dealing 
with manurial residues is to understand the fate and behaviour of plant foods in the feeding 
shed and in the soil, and not merely to indulge in an elaborate exercise of chemical arith- 
metic and accountancy. Equally, in dealing with manurial residues he must not overload 
his treatment by superimposing a set of rules or customs intended to define good husbandry. 
Thus, he should not adjust the residual values according to the particular crops grown 
during the last years of the tenancj^ , on the grounds that certain crops are more “ exhausting ’ 
than others. The amounts of phosphate and potash removed by x>otatoe8 and swedes art* 
greater than those removed by cereals, but it is unnocessary to reduce the comf>en8atioii 
since the amounts of these jdant foods actually removed in the crops are often small by 
comparison with those locked up in imavailable forms in the soils. 

The removal by crops is amply covered by the allowances in the tables and tluj differences 
between crops are of minor importance by comparison with the differences between soils, 
both in their responsiveness to fertilizers and in their ability to retain added plant foods in 
available forms. It has sometimes been suggested that one way out of this difficulty would 
be to have detailed soil analyses of each field at a change of tenancy. Although this might 
be done with sufficient accuracy for lime, it is doubtful whether the necessary jjrecision 
could be obtained for i)ho8phate and jiotash. In any event the cost of the field sampling 
and the laboratory investigations would be quite out of })roportion to the value of the 
results. Soil analyses should be used as the basis of advisory work on future practice 
and not for trying to recover past expenditure. 

y It is well established by careful ex{)eriment and by practical exx)erience that most 
nitrogen fertilizers have little residual effect in the following year. Whatever form is added, 
the bulk of any residue is washed out as nitrate during the winter in the humid temxH^rate 
climate of Great Britain. There is, of course, the indirect benefit that on many farms more* 
nitrogen fertilizer means more fodder and straw, and thert^foie more farmyard manim*. 
Against this, the bigger cro^^s grown with nitrogen fertilizers must remove more of other 
plant foods, but this effect is relatively small, and no more serious than the extra 
“ exhaustion ” caused by other methods of growing bigger crops, as by better cultivation oi 
better varieties. 

J Phosphates and jiotash behave quite differently from nitrogen. The Uvsual residues ai’t* 
not washed out, but, none the less, they may rapidly lose their availability by going over 
into inert forms within the soil. Phosphates become useless particadarly rapidly on veiy 
acid soils and on some calcareous soils. This is the reason why so mueh of the old grassland 
ploughed -out during the war was unproductive imtil phosphates were given. It also ex- 
X)lains why on such soils phosphates have to be given for every root and seeds crop, and even 
for cereals. Indeed, on such soils an increasing number of farmers are finding that it pays 
not only to give the usual dressings of phosphate to the roots and seeds but to give a small 
dressing to all their cereals through a combined fertilizer seed-drill. They are rightly 
adopting the policy of “ little and often ” instead of relying on residual effects. 

J On neutral or only slightly acid soils, on the other hand, phosphates may have a 
prolonged residual effe^, and additional phosphate will generally be quite unnecessary for 
cereal crops following an occasional root crop receiving phosphate. This was illustrated in 
the Rothamsted experiments already described. It was brought out too in the wartime 
experience of occupied countries, such as Holland, Belgium and Denmark, which had used 
lime and fertilizers heavily and well before the war. It was found — often to the surprise of 
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the farmersy-that good crops could be grown for several years with little or no more 
phosphate. The greater residual value of phosphates in nearly neutral soils is one of the 
important indirect benefits of liming. 

Phosphate fertilizers act best when placed fairly close to the seed so that they may at 
once exert their stimulating effect on the early root growth of the young plant. It is for 
this reason that potato fertilizers are generally placed in the bouts, swedes sown on ridges 
split ba(^k over manure, or cereals drilled with phosphate. The young roots soon pass into 
pockets of soil rich in available j>hoHphate and absorb it rapidly. Many crops can absorb 
enough phosphate in a few weeks to carry them through to maturity. Ploughing necessarily 
dissipates the })ho8ph^" residues through a large mass of soil and the next crop must start in 
a less rich medium. \/Even in soils capable of retaining available phosphate foi years the 
residual (dfects must fall rapidly aft<ir the first year and then more slowly, as was shovm very 
clearly in the potato crop of the Rothamsted four-course rotation. The residual value 
necessarily falls off more rapidly in acid soils and in other soils with high “ fixing powers, 
Fotasli shows the effects of fixation to less available forms and the l)enefit from localised 
placement in much the same wav as phosphate, though to a smaller extent. It is reasonable 
therefore, to treat phosphate and potash simdarlj^ but to allow less prolonged residual effects 
for potash, because crops remove larger proportions of potash than of phosphate, 

It is not feasible to allow for the different durations of residual effects on the vast 
variety of soils, and the 194(1 Committee decided to allow potash over two growing seasons 
and ])hoKphate over thre?e, and in all cases to halve the residual value after each season. 
This is frankly a compromise solution. Although the actual residual value may fall off 
rapidly at first and then more slowly, the values ])roposed for two or three years will pro- 
bably give a fair i)i(‘tur(' of the average treatment of th(^ whole of a farm over many years. 
Not many farmers will manure much more heavily with phosphate and potash in the last 
two or thiee years of their tenan(‘y merely to increase their tenant-right. 

Lime is lost from the soil almost entirely by leaching in drainage Mater. The rate of 
loss is increased by ammonium salts and by the acid rainwater of industrial areas, and slightly 
reduc(‘d by nitrate fertilizers, but it also varies widely from soil to soil. The loss is naturally 
sloM^ in v(Ty acid soils containing little lime in the exchangeable form with none in tin* reserve 
form of carbonate. When small amounts of lime are addexl to such soils the annual loss of 
lime is still small : larger dressings, which raise the soil toM'ards the neutral })oint, im^vitably 
increase the rate at wliich lime* is lost. Acid-tolerant crops may be grown with very 
occasional liming on moderately acid soils, and even small dressings of lime shoAv their 
effects for many years. Where, howev<*r, sufficient lime is used to allow a wider range of 
crops and balancwl farming, it is necessary to resort to frequent liming to maintain soil 
fertility at the higher level. These differences are well illustraterl by the Woburn con- 
tinuous wheat and barley j)lots which had been rendered acutely acid by repeated dressings 
of sulphate of ammonia. Various dressings of lime were given to sub-plots, and, twenty 
years later, these wore found to contain tiie amounts of exchangeable lime shown in Table (> 
(Ref. 19). 

TABLK 6. 

Amounts of exchangeable lime. Stackyard Field. Woburn. 1927, 


Fert-iliKers 

Liming 

Exchangeable lime, tons per acre 

0 to 9 inches 

0 to 18 inches 

Total lime in Urns per acre 0 to 18 inches 

Total amount added 

Remaining in soil 

Lost from soil 


No nitrogen 
None 

Non© 

Sulphate of ammonia 
Light 

Heavy 

1.80 

0.67 

1.14 

1.97 

3.91 

2.37 

3.35 

4.20 



1.36 

2.64 



— 

0.98 

1.83 



— 

0.38 

0,81 
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The total loss of lime was twice as great from the heavily limed as from the lightly 
limed plots. Nearly three-quarters of the lime remained from the light dressings. 
Unfortunately it is not possible from these figures to answer the question “ How long does 
lime last in the soil V The rate must necessarily have been high soon after application 
and have fallen in the later years, when all plots had again become acid. Although if land 
is allowed to run out, and become quite acid, former liming may exert some slight l)enefit 
for ten or twenty years, this ultimate residual value is of relatively little practical value. 
The practical aim should be to hold the reaction of the soil at a steady value only slightly 
on the acid side. A compromise must therefore be found between extremes, and the 1948 
Conference has recommended that lime be valued on an eight-year principle. 

The early tables of Lawes and Gilbert and of Voelck€*.r and Hall were devoted entirely 
to the residual value of purchased feeding stuffs. The 1948 Report devotes moie space t(i 
fertilizers than to feeding stuffs. This is as it should bo, because there luto been very great 
])rogress in recent years in both scientific and practical knowledge on the use of fertilizers, 
'rhe emphasis on feeding stuffs has shifted. They are now selected and ustd on their merits 
for theii proper purj)Ose of feeding stock and maintaining the balance of the farm and not 
mainly foi their indirect value in feeding the soil. Even those farmers who may be disposed 
to dispute this statement on theoretical grounds will probably illustrate its truth by the way 
in whi<jh they actually handle the liquid and solid manures on their farms. Seventy years 
ago, when residual values were first seriously debated, purchased feeding stuffs provided 
the only generally feasible way of obtaining additional ammonia for crops, and in many parts 
of the country the common systems of farming were based on feeding bullocks in boxes or 
folding sheep on arable land. The method worked admirably so long as abundant supplies 
of (heap labour and cheap imported animal foodstuffs were forthcoming. It was not always 
aj)prociated that the proper conservation of ammonia and potash was a vital link between 
the stock, the land and the (Tops. As bullocks and shee}) gave way to cows and the arabl(‘ 
land to gras.s, less and less attention was paid to the (jonservation of urine, and the old li<|uid 
manure tanks fell into disuse. 

Farmers in general appear to have taken little notice of the striking results of the 
V\\)burn and Rothamsted experiments on cake-fed versus corn-fed manure, j>erlun)s because 
there were too few such experiments to build up general confidence or to afford convincing 
Icjcal demonstrations. The position was quite (iifferent in Denmark, where a series of long- 
term field ex})eriments and associated laboratory work showed that to obtain the full 
benefit from the foodstuffs fed to dairy cow^s it was necessary^ to store the liquid manure 
most carefully and use: it directly on the land. In Denmark heavy Government subsidies 
have been us(hI to install, enlarge and recondition liquid manun^ tanks, until now almost 
(*very Danish farm has a liquid manure tank in active U8(i. Some 20,000 special liquid 
manurt^ drills with cultivator tines are emjdoyed to place the liquid manure below^ the soil 
surface ahead of spring sowings. In this way the nitrogen and potash are used directly and 
most efficJfmtly, whilst the dung loses little of its other important values. There is still 
sufficient ammonia to rot it properly without the wastage of ammonia which occurs when 
dung is used as the sole carrier of plant foods. All modem work has confirmed the results 
of the old exj>crim(mts which showed that a large proportion of the ammonia taken up by 
rotting straw in farmyard manure or compost fails to become available to crops, and that the 
small remaining amount of free ammonia or readily available nitrogen in dung is both liable to 
loss by exposure and relatively transient in its effects on crops. To emphasise the difficulty of 
recovering the full benefit of the extra ammonia and potash added to farmyard manure from 
purchased feeding stuffs is not, of course, to dispute the intrinsic merits of farmyard manure ; 
these would often not be greatly impaired had less purchased food been used, and it is only 
the additional value from the purc^hased foods that is eligible for compensation. The 1946 
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Report therefore })uts in the forefront of its treatment of the residual manorial value of 
feeing stuffs an assessment of the effects of the whole system of farm management on the 
recovery and utilisation of the manure. It differs from the Voelcker and Hall 1913 tables 
in setting out compensation valuer for average conditions, and then suggesting fractions by 
which these should be increased or reduced according to the general conditions on the farm, 
l^cvss compensation is allowed for foodstuffs fed to milking cows, to cover the loss of plant 
food>s in milk and the common wastage of urine. Foodstuffs fed on the land and in covered 
yards are ranked equally high, and deductions are made for feeding in op(ni yards, owing 
to inevitably higher losses. As in Voelcker and Hall's 1913 tables the compensation 
value is halved after one eroj) has been removed. The unit period is determined by the cro]> 
instead of by the gi-owing season or the time before the end of the tenancy because it is often 
good ])ra(^ti(j<^ to make manure during the early winter and cart it out for root crops in the 
following spring. In this way much of the maniirial value is recovered within less than a 
year after the foodstuff is consumed. 

'^SUMMARY OF THE 1946 REPORT. 

The Report must be consulted foi all the essential definitions, recommendations and 
illustrative tables. Here it is possible to give for reference only a brief summary of the 
])rinci])al recommendations (Ref. 20). 

All valuations are to be based on the actual composition of the fertilizer or feeding stuff, 
as shown in the statutory warranties jjrovided on the invoices. The ix?rcentages of nitro- 
gen, ])ho8phori(j acid and potash art^ to be multiplied by appropriate unit prices. These unit 
])rices have beem related to rounded unit prices of the standard fertilizers, and suggestions 
ar(i made as to how the various unit prices are to be adjusted if and when fertilizer prices 
chang(i substantially. When this is necessary the Central Association of Agricultund 
Valuers will issue a completely revised series of tables. The current tables have been related 
to the following rounded unit prices in fertilizers : nitrogen (N) 19s. Od., phosphoric acid 
(FjOs) Os. Od., ])otash (KgO) 5s. Od. 

Fertilizers, 

Fertilizers are classified according to their availability and the average diu’ation of their 
effects, and then valued by using the appropriate unit prices in Table 7. 


TABLE 7. 


(Jmnpenmtion ralues for tJtu’ reMdual ejfectu of unit plant food in fertilizers, 
{i.R., price for each 1 per cent, of a ton). 


Nitrogen 

{a) Inorganic (as in sulphate of ammonia, compound fertilizers) ... 

(b) In dried blood 

(c) In all other organic forms specified in the First Schedule of the 

Fertilizer and Feeding Stuffs Act {c.g., hoof, meat, bone) 

Phoaphoric Add 

(d) Soluble by official methods (as in superphosphate, basic slag) . 

(e) Insoluble by official methods 

(/) Total (or insoluble) in bone products 

ig) Total in other materials (e,g.f mineral phosphate 

Potash 
(h) Total 


After 

After 

After 

1 

2 

3 


growing soasoiis 

.s*. d. 

-S’, d. 

.S', d. 

nil 

nil 

nil 

nil 

nil 

nil 

5 0 

2 6 

ml 

4 C 

2 0 

1 C 

2 0 

1 0 

6 

3 0 

1 6 

9 

2 0 

1 0 

6 

2 6 

1 3 

nil 
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Lime and Limestone. 

All compensations are based on delivered costs after the recovery of subsidies. Com- 
pensation is paid on an eight-year principle t.c., one-eighth is subtracted each year after 
application. The full delivered cost (less subsidy) is taken as the basis for compensation 
where the liming was done at moderate rates or in accordance with recommendations by the 
National Advisory Service. But where a farmer has used heavy rates or unduly expensive 
forms without such advice, dressings containing more of any form of lime than the equivalent 
of 40 cwt. pure calcium oxide (CaO) per acre is to be valued at the cost (less subsidy) 
of this quantity as either burnt lime or ground limestone, according to the form used. 

Feeding Stuffs. 

The average compensation values worked out from the appropriate unit prices given 
below are subject to the adjustments listed in Table 8 according to the conditions under 
which the foodstuffs are fed, the urine conserveti and the farmyard manure made, stored 
and used. 

Conditions are to be regarded as satisfactory where the urine is well conserved and the 
dung well made, where reasonable 'precaviions are taken against losses in the dung heap, and 
where the dung is applied to land to give likely responses. 


TABLE 8. 


Adjustment of average compensati-on values to various conditions. 



Foodstuffs fed to 

Foodstuffs fed to 
stock other than 
milking cows and 


milking cows 

usrrking horses 

(1) Fwl directly on the land 

ayerage 

add one-third 

(2) Fed under cover — 

conditions satisfactory 

ttVoragt* 

add one-third 

(3) Fed in open yards — 

conditions satisfactory 

subtract one-third ^ 

average 

(4) Conditions unsatisfactory 

subtract up to 

subtract up to 


" two-thirds 

ono-httlf 


For the average conditions the unit prices in the original foodstuffs are given in Table 9. 


TABLE 9. 


Average compensation values for the residual effect of unit plant food in fertilizers (Lc., price 

of each 1 per cent, of a ton. 



Before one crop 

after one crop 

1 

has iMjen removed 

has been removed 


s. d. 

s. d. 

Nitrogen 

3 0 

1 6 

Phosphoric Acid 

3 0 

1 6 

Potash 

3 0 

X 6 

Jncwnpmmd cake^ and meals 

Albuminoids (proteins) 

10 

6 


Compound cakes and meals are treated separately because warranties do not normally 
declare the percentages of phosphoric acid and potash. Allowing lOd. per unit of protein 
is equivalent to valuing nitrogen at 58. 2d. per unit and ignoring the phosphoric acid and 
potash. For the ordinary cakes and cereal grains this gives sufficiently close results to 
valuing each of the three plant foods at 3s. Od. per unit. 
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Straw and other bulky materials. 

For straw and other bulky manures, such as pea and bean straw, bracken and peat, an 
allowance may be made for the combined nutrient and mechanical values of 12s, Od. per 
ton before one crop has been removed and ot Os. Od. per ton after one crop has been removed. 
Where straw has been sold off the farm a dilapidation may be made at the rate of 12s. Od, 
per ton on the last year of tenancy and of Os. Od. per ton in the last year but one. 

E. M. OROWTHER. 

Kothamstko Expkkimia'tai. Station. 
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RECENT DEVELOPMENTS IN METHODS OF 
DIAGNOSING MINERAL DEnCIENCIES OF CROPS 

The interest of the farming community in the mineral nutrition of cmps goes back as far 
as 1840 when Liebig enunciated his mineral theory of crop nutrition. In doing so he ad- 
vanced the view that simple analyses of crops would provide the data necessary to determine 
the mineral requirements of crop plants and the amounts of the mineral elements neoessaiy 
to add to the soil in manures to make good shortages due to removals hy crops. This was 
the first attemj)t to relate crop growth and yields with the mineral status of crops, but 
unfortunately the conception was an over-simplification of the problems involved, and was 
soon shown by Lawes in his early field experiments at Rothamsted to lead to erroneous 
(Conclusions in practice. 

The Rothamsted field experiments 0 }>ened u)) a second method of assessing the mineral 
requirements of crops and of determining the nature and extent of various mineral defici- 
encies, a method which, with its modern elaborations, remains one of the most important 
at the present time. 

The failure of Liebigs conception led to another method of attacking the mineral 
nutrient problem, namely soil analysis, which is in effect an attem))t to assess the power of 
the soil to supply the mineral nutrients required by crops. This method of soil analysis is 
still one of the important methods used in determining mineral deficiencies in crops, thougli 
like the method of field experiments it has undergone many refinements and elaborations 
in the course of long usage. 

It win be seen later in this article that in recent years much attention has again been 
given to crop analysis as a diagnostic method, though the modern approach differs from that 
of Liebig in that due regard is given to established principles of plant physiology. 

In attempting to diagnose deficiencies in plants it seems logical to examine both the 
})iant, which must absorb the nutrients, and the soil, which normally supplies them, and it 
will be noted that modem methods use plant and soil data in complementary rfiles. Years 
of research have shown that the nutrition of plants is a very compli<*ated subject. Growth 
is not dependent merely on a sup})ly of mineral nutrients but is determined by the complex 
environment of tlie plant in which mineral supply from the soil is only one factor. More- 
over, it is not sufficient merely to add to the soil supplies of mineral nutrients known to be 
necessary for the crops, as many changes of, and intei actions between, nutrients take place 
in soil, which finally determine whether or not the individual elements will be available to 
the crops in suitable quantities and proportions. These conditions are so complex that it 
is impossible to devise absolute standards for diagnosis by the use of either the plant or the 
soil or both, and hence the methods now used, although they can be relied upon to solve the 
]>ractical problems which arise, are necessarily empirical in character. 

One further point needs stressing. Experience has shown that no one method can be 
relied upon to provide a solution of cropping problems as they occur on the farm, and al- 
though some instances of deficiencies may bo readily solved by using one method, others 
may require the use of several, employed in complementary and confirmatory idles, before 
a complete answer to the problems can be given. Examples to illustrate this point will be 
given later. 

The newer methods used in the diagnosis of the mineral status of plants have been 
developed largely since 1920, and in England their use has been greatly extended during the 
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war years when there was an urgent need for quick solutions of new problems which arose 
from the drive for increased food production and the bringing under cultivation of large 
areas of marginal land of unknown cropping potentialities. 

The methods now used comprise the following : visual diagnosis ; foliage spraying ; 
chemical injection of leaves and stems ; chemical analysis of plant organs ; soil analysis : 
and field trials. 

THE MINERAL REQUIREMENTS OF CROPS. 

In farming operations the main emphasis in problems of mineral deficiencies in the 
]>ast has been on deficiencies of nitrogen, potassium, phosphorus and lime, and indeed the 
fertiliser industry has been built up around the first three, whilst the age-long practice of 
liming was evolved to remedy the last. Whilst these still remain the most important de- 
ficiency problems the experience of the present century has shovm that other nutrient 
elements are of great practical importance, and for special crops and on certain soils may be 
tlecisive factors in successful cropping. It is thus necessary to take a much wider viewpoint 
of mineral nutrition ]>roblems than formerly, and in this connexion it is of interest to sum- 
marise the present knowledge in regard to the mineral requirements of crops and to refer 
briefly to practical problems concerning the lesser known nutrients. 

It is now generally recognised that certain elements are essential to the healthy growth 
of ]»lantK and that others, though i)erhaps not absolutely essential, are beneficial to the 
growth of particular jdants, though not to all plants. Moreover, it has beem shown that of 
the essential elements some are needed by plants in relatively large amounts whilst others 
ar<' only required in comparatively small quantities. 

On the abov(* basis it is usual to classify the nutrient elements as follows ; 

Essential : 

(<7) Major elements required in relatively large amounts : nitrogen, phos])hoius, 
calcium, magnesium, potassium, sidphur. 

(b) Trace or minor elements (sometimes also called micro-nutrients) required in 
relatively* small amounts : iron, manganese, boron, copper, zinc?, molybdenum. 

fieneficial elements : 

Sodium, chlorine, silicon, aluminium. 

It is only ne(?essary to refer here to two of the major elemeiits, viz,, magnesium and 
suJ])hur. 

Magnesium deficiency* is of common occurrence, es])eciallv in horticultural cropvs, in 
many^ countries of the world, and is a serious problem in cereals, in which the deficiency is 
known as “ acidity^ disease, in Holland and in other countries of north-west Europe. In 
(^Ireat Britain many fruit crops are seriouslv affected, particularly apples, wliiist failures 
may occur in tomatoes, y)otatoes, brassicae and sugar beet. Failures in cereals have, so far. 
been rare, but failures of both oats and barley' have been seen. The deficieiuty is most 
common on acid sandy soils, but under intensive systems of horticulture it may' occair on a 
wide variety of soil tyj)eH. Sul})hur has not been reported as a deficiency in crops in this 
country, possildy due to the fact that many' of the fertilisers commonly used contain sulphates 
which are efficient suppliers of the element. The deficiency is known abroad in tea, cotton 
and some forage crops. 

All the trace elements are known to give rise to deficiency problems in croi)8 and three 
of them, iron, manganese and boron, are important for certain crops in (treat Britain. 

Iron deficiency is most common in fruit crops, particularly in pears, apjiles, plums, 
cherries, raspberries and strawberries. It is rare in vegetable and farm crops, which can 
often be grown without any signs of shortage under conditions highly^ conducive to the 



124 Recent Devdopmewta in MeUkods of Dmgnoaing Mineral Deficiencies of Cropa. 

deficiency (e,g,^ on chalk soile)« The deficiency seems always to occur as an induced ” 
deficiency, that is to say there is always sufficient iron present in the soil but it is unavail- 
able to the plants, generally because of the presence of high proportions of carbonate of 
lime. In practice the deficiency has only been noted on naturally calcareous soils or on soils 
which have been heavily limed. 

Manganese deficiency has been common during the war, possibly due in great measure 
to the ploughing up of soils normally under grass, such as calcareous marsh and alluvial 
soils, calcareous fen soils and calcareous clays such as those of the Lower Lias and Kim<»- 
ridge Formations. It has also been prevalent on certain other soils such as those on the Coal 
Measures and certain podsolised Heath Sands, whore heavily limed to correct acidity. Crops 
vary greatly in susceptibility, examples of highly susceptible crops being oats, wheat, barle> , 
sugar beet, mangolds, garden beet, potatoes, sweet cherries, and raspberries. ^ 

Like iron, the deficiency is invariably induced, the soil conditions generally associated 
with the deficiency being high contents of lime and organic matter and often a high water 
table. 

Boron deficiency, though widespread abroad in tree fruit crops, particularly apples, 
has, in this country, so far been restricted to root crops, such as sugar beet, mangolds, 
swedes and turnips, and brassicae crops. The distribution of boron deficient soils seems to 
be related to rock types, among which may be mentioned those of the Old and New Red 
Sandstone Formations, the Chalk and Fen Peats of East Anglia. Boron deficiency may 
also be induced by over-liming. 

Copper and zinc deficiencies may occur in Britain as secondary deficiencies in certain 
crops on special soils along with iron and manganese deficiencies, but their practical im- 
portance has yet to be proved. Both are known abroad in connection with serious deficiency 
diseases of various crops, particularly fruit crops, but also of cereals. The problems of their 
availability in soils are still little known, though zinc deficiency may often be induced, as 
for instaiKje by phosphatic manuring. Copper deficiency has generally occurred on poor 
acid peats and sands. 

Molybdenum deficiency has only recently been demonstrated as a practical field 
problem, in forage crops in S. Australia and Tasmania. Its Relationships in the soil apjiear 
to be complex, avS availability has becm shown to be increased by liming and by application 
of cobalt salts. 

METHODS OF DIAGNOSING MINERAL DEFICIENCIES. 

It will be clear from the previous section that it is necessary to provide diagnostit^ 
methods for all the essential nutrients, wliilst in addition it may bo necessary in the cas*' 
of particular crops to determine the nutrient levels of the respective beneficial elements. 
An example of this latter is sodium for sugar beet and mangolds where low levels of the 
element may greatly restrict yields. The newer methods, especially those in which th(* 
actual plants are used, are particularly well suite<i to investigate the more uncommon and 
difficult case«. 

Visual Diagnosis (Ref. 22). In this method use is made of the visible symptoms 
developed by plants which result from deficiencies of the various nutrient elements. Asa 
large number of crops are involved, and the symptoms produced vary considerably from 
plant to plant, even for any given nutrient, it might appear on first consideration that the 
method would be too difficult and cumbersome to be of value as a diagnostic procedure. 
This, however, is not bo, as a closer study of the problem has shown that the symptoms 
allow of a considerable measure of classification which enables many problems to be quickly 
narrowed down. Thus certain deficiencies affect chiefly the older parts of plants, 
nitrogen, phosphorus, magnesium and potassium, and others the younger growing points 




Calcium deficiency potatoes 
Left healthy tubers from 
plants receiving complete 
nutrient. Right unhealthy 
tubers from plants from 
which calcium omitted. 



Potassium deficiency of broad beans. 
Internodes arc short and leaf margins 
scorched. 



Manganese deficiency of potatoes. Leaflets 
of terminal growth showing brown spotting 
along veins. 



Analysis of soii acidity 
effects on Cauliflower — 
calcium deficiency, man- 
ganese toxicity complex. 

a. Calcium deficiency effect 
shown as collapse of in- 
terveinal areas. b.C.d. 
Manganese toxicity effects 
(rolling of margins) in 
presence of high, medium 
and low amounts of calcium. 
d. Is the common field 
symptom. 



Copyright: Lang A^thton Research Station, 
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aud meristematio tissues, eg., calcium, iron and boron. Again there are certain plants for 
which the symptoms of certain deficiencies are so characteristic and specific that once seen 
the deficiency will be always recognised for the particular crop. Examples of such are Marsh 
Spot in peas and beans, due to manganese deficiency, and cracked stem of celery which 
results from boron deficiency. In visual diagnosis leaf characters are of particular value 
and are largely used, but growth habits such as erectness, thickness of stem and length of 
internode are often important, and frequent use may also be made of blossom and fruit 
characters. 

It is, in fact, possible to give general descriptions for each deficiency and to compile a 
guide for use on a wide range of crops. 

Brief descriptions of two deficiencies for which the symptoms are widely different, viz., 
nitrogen and calcium, will illustrate the characters which may be used. 

Nitrogen deficiency. Growth of all parts of the plant is markedly restricted ; shoots 
are short, thin, upright in habit and often tinted yellow or red ; lateral shoote are 
few and lateral buds may die out completely or remain dormant, a condition reflected m the 
poor tillering of cereals : leaves are small, ofttm set at an acute angle with the stem, usually 
of pale yellowish green (colour in the early stages of growth and later highly (ioloiired tints of 
>'ellow, orange and red or sometimes purple arc developed ; tinting always begins on the 
older foliage and develoi)s progressively towards the younger leaves ; petioles as well as 
iaminae may be tinted , foliation and blossoming are both delayed, w^hilst defoliation, 
beginning at tlie oldest leaves, is premature ; blossoming in extreme instances of deficiency 
is greatly rf*duced and consequently yields of grain and fruit are small. Because of the 
small leaves, su]>prc‘ssed lateral growth and early defoliation, nitrogen deficient plants always 
appear thin and poorly furnished,’^ Fruits, such as apples, when grown under conditions 
of nitrogen deficiency, are outstanding for high colour, a fact which is used by growers in 
regulating dessert quality. 

Calcium deficiency : The characteristic sympioms are shown at the tips of shoots, in 
> oung leaves, in pedicels and in root systems. The death of terminal ends of shoots is com- 
mon and may lead to the stimulation of lateral growths at lower levels ; young leaves may 
b(i seriously distorted, with hooked |)oints and rolled margins ; leaf margins may wilt and 
(tollapse or apj>ear scorched, or they may be spotted and ragged ; the mesophjdl may col- 
lapse between the veins aud loaf colour is often pale green and may show' a chlorotic 
mottling ; pedicels wilt and die, as is well shown in flax, tomato and clover : root systems 
<ire invariably |)oorly developed and lateral roots may remain stumpy and gelatinous in 
appearance ; tuber foimatiori in i)otatoe8 may be negligible ; in contrast to nitrogen 
deficiency, defoliation occurs first near the growing jioints and develops progressively 
tow^ards the older foliage. When calcium deficiency is severe the plant eventually collapses 
and dies and is thus a total failure. 

It may be noted that in tlie field calcium deficiency symptoms are usually complicated 
by seoondar}’^ effects of ^ioil acidity in which toxic effects due to true acidity (i.c., to excess 
of hydrogen ions) and to excess manganese are of importance. 

As a basis for the visual method it is necessary to determine the various deficiency' 
symptoms for different plants. This is done by growing the plants under controlled con- 
ditions and in sand culture, under deficiency conditions, and checking the results as far as 
possible by field specimens and by chemical methods. The characteristic symptoms result- 
ing from the deficiencies are recorded by means of oolotir photographs which can be kept 
for long periods without deterioration. 

In the application of the visual method in the field use is made wherever possible of 
indicator plants, which are simply plants highly susceptible to specific deficiencies and 
which show well marked and characteristic symptoms. 
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These indicator jilants may also be combined with fertilizer treatments in field plots 
where difficult problems occur, and where it is desiied to obtain a quick answer as to the 
possibility of deficiencies occurring on land of unknown cropping powers. (See further 
under field experiments). 

Examples of suitable indicator plants for the various nutrients are as follows : 

Nitrogen — leafy brassicae such as cauliflower, kale. 

Phosphorus— kale, swede, potato. 

Calcium — as for nitrogen. 

Magnesium — cauliflower, kale, potato. 

Potassium — ^^lotato, broad bean, gooseberry. 

Sodium— sugar beet, mangold. 

Iron — apple, pear, raspberry, strawberry. 

Manganese — oats, sugar beet, mangold, potato, pea. 

Boron — sugar beet, mangold, celery, swede. 

For wide application the visual method requires considerable experience as its use ma\ 
he complicated hy many factors such as the presence of pests and diseases and weather 
conditions. It can only be applied in instances of fairly severe deficiency resulting in the 
])roduction of symptoms, and for some deficiencies, notably magnesium, tliese may develop 
at a fairly late stage of gi’ovth. The method is very useful as a first a])proach to a problem 
and is very valuable in combination with other quick methods such as foliage spraying and 
chemical tissue tests. 

In many instances where the visual method is to be applied it is useful to make approx 
mate field tests of soil characters, e.g., organic matter content, texture, drainage and pH, 
m these observations will often rule out the probability of certain deficiencies and point to 
the possibility of others. 

Foliage Spraying ^ The efficacy of tliis m€»thod depends on the fact that plants are able 
to absorb mineral nutrients through their leaves, when the nutrients are sjmiyed on as 
solutions at suitable concentrations. In some instances it is even possible to apply tht^ 
nutrients to the foliage as dusts but solutions are more generally suitable and decrease the 
danger of damage. The effects of sprays applied at suitable times in the growing season 
are often very (juick. For instance, with iron, manganese and boron deficiencies, spectacular 
results may often be observed a week or 10 da 3 ^s after spraying. Spraying is especiall.N^ 
suited to investigating trace element deficiencies, but it can also be useful for certain of th(* 
major elements, e.g,, magnesium, where responses from soil treatments are often difficult 
and slow, I’he use of foliage sprays on a field scale for supplying nutrients dates back to 
1924 wiien Johnson used the method in the control of iron deficiency of pineapples (Ref. 7). 
Ill 1926 Gilbert (Ref. 4) and his co-workers used sprays of manganese sulphate to control a 
deficiency of manganese in various crops and during this same period we showed at Long 
Ashton (Ref. 21 ) that the whole of the potassium requirements of gooseberries grown as 
}>ot (mltures in sand could be supplied by spraying with a 1% solutioQ of potassium sulphate. 
Thus it was demonstrated that the method could be used both for major and trace elements. 
In recent years foliage sprays have been developed as routine practice for supplying most 
of the trace elements to fruit plants where deficiencies occur (iron is an exception due to the 
damaging effects of iron sprays). At Long Ashton we have developed a 8 pra 3 dng method 
to remedy magnesium deficiency in tomatoes (a 2% solution of Epsom salts plus a spreader 
is used), and a similar method may be found to provide the best means of curing this 
deficienc}^ in fruit plants such as the apple. Foliage sprays, in the form of overhead irri- 
gation, are also being used Hiic(jessfully in vegetable culture by Mr. P. A, Secrett. It may 
thus be said that foliage spraying may l>e applied both as a diagnostic and curative treat- 
ment against mineial deficiencies. 
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In applying foliage sprays it is important to know the best stage at which to apply the 
spray and the most suitable concentration to use ; the latter because, if the sprays are too 
weak, they may be only partially effective, and if too strong they may produce serious 
damage or even cause the death of the plants. It is also generally desirable to use a 
* spreader ’’ in the spray solution and for some plants whose leaves are es^jocially difficult 
to wet, e.g., t;abbage, caulifloww, etc., the use of a spreader is absolutely essential. 

For the trace elements, for treating plants out of doors, a solution of the appropriate 
salt at J oz. }>er r> gall. j)lus spreader may be used to spray an area of 5 yds. by 5 yds. 

Foi farm and vegetable crops a watering can fitted with a fine rose may be used and for 
tree crops a pressure sprayer is best. The sulphates of iron, manganese, copper and zinc 
are most suitable for these elements whilst })orax or boric acid is suitable to supply boron. 
For the major elements, t^xcepting magnesium, there is perhaps little to be gained by using 
sprays over the ordinary soil application of fertilisers. Magnesium can be applied as 
Epsom salts at 2 per cent, concentration plus spreader. 

The best results for sjjraying are obtained when the foliage is fairly young, anrl indeed 
uhen the ))lant.s a?'e at a mature stage treatments may be ineffective. 

Leof nml Sfew Injections. It has long been known to vine growers in PVance that 
responses to iron salts c‘an be obtained bj' painting pruning cuts wdth solutions of these, but 
the first systematic study of introducing chemicals into stems was made by Bennett (Ref. 1) 
who published liis resuhs in 1931. Bennett was interested in the problem of evolving 
curative measures for iron deficiency in pears, and he worked out the details of a method for 
injecting solid salts of iron into trunks and stems. The method consisted e.ssentially of 
boring holes into tlu* wood of the trunks and branches, the numbers of holes ]>er branch and 
the dosages per hole de})en(Ung on the diameter. It was found convenient to have one hole 
per I inch, of diameter, and the holes were made around the circumference slightly “ stag- 
gered ’’ as regards level, since the bark w^a.s somt‘times damaged and tlu^ staggering prevented 
a. “ringing” effect. Suitable dosages were ascertained for tlie dormant and growing 
seasons. 

This method has been extensively used for fruit trees in England for iron and manganese, 
and can also be used effectively', after determining suitable dosages, for any of the trace 
(iements. As for the spraying method it is not so suitable for the major elements. 

Benm*tt’s technique has been improved by Roach. Thompson and Pizer in Kent, with 
a view to sj)ee(ling up the work and cutting down the risk of damage to the bark. In the 
improve<l method an injection gun has been devised and the salts are introduced in tablet 
form. Suitable dosages of the tablets, for injections, are as shown in Table I. Similar 
rates are suitable for manganese but smaller doses would l)e reejuired f(^r the other trace 
elements, otherwise serious damage wwld result. 


TABLE J. 

Suitable Dosages of Iron Sulphate, using Tablet.^.* 


Size of Tablet. 

. 

Diameter of Stem 

Total No. of 1 

No. of Tablets 


(Inches) 

Holes 

per Hole. 

1 gramme 

1 

' i 

1 

H \ 

2 i 

1 

i 

2 

2 * 


1 o 1 

3—6 

3— 1> 

1 


6—10 


2 


10—20 

10—20 1 

3 


♦ Data supplied by Dr. N. H. Pizer. 
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Roach (Ref. 14) at East Mailing has made a special study of liquid injections and has 
developed suitable methods for use on crops as widely different as cereals and fruit trees. 
Roach make^ use of the laminae and petioles of leaves, shoot tips and stems, and has 
developed many elegant though practical devices for making the various injections. 

The solutions used are usually 0.25% strength. In making petiole injections Roach 
has shown that the injections are related to the phyllotaxis and that dyes may be used as 
preliminaries to the injections proper to show the pattern of expected responses. Liquid 
injections, as for spraying, are most successful when made on young, actively growing 
tissues. Both major and trace elements may be tested. Responses from liquid injections 
are usually shown within the course of a few days, the ])eriodH being geru^rally similar to those 
for sprays. 

It will be clear that spraying and injection methods are very similar in the effect-s they 
produce and may in fact be used as alternative methods according to (jirc^umstances and 
the facilities available. 

Cheynical Analysis of Plant Organs, In using chemical data from plants for diagnostic 
purposes the actual amounts of the various mineral nutrients contained in the dry matter 
may be compared with standards fixed from previous experience, or direc^t comparisons 
may be made in any given cro]) betw^een healthy and deficient ])lants growing in close 
proximity. 

Special methods of sampling plant material for analysis are necessary to mak(» valid 
comparisons and in this connexion the following j)oints recjuire mention. 

] . Laminae of leaves are usually the most satisfactory parts of the plants to use but 
petioles and stems are also generally stiitable. These latter two are often the 
most suitable for tissue tests. (See below). Leaves n^present the seat of active 
growth processes whilst other parts of the. j)lant draw upon thf' variou.s nutrients 
in a selective way. , 

2. The leaves used should be metabolically active when sampled, otlierwise senescent 
effects may have developed. 

3. Leaves for comparison should be of a similar physiological age and shoidd be taken 
at the same period during the grow'th cycle. These two conditions are necessary 
since at any given time, leaves at different stages of development differ in mineral 
composition and the individual elements show seasonal changes. 

These two points are illustrated by the data in Tables II and III. 


TABLE II. 

Mineral (^onstittients of Young and Oldl^eaveg from the same Planta (C'auli flower). 



0/ 

/o ^ 

Ash in 

i 

1 

As % 

Ash 


1 

1 As % Dry Matter. 




Dry 

Mattt'r. 

1 

j CaO 

MgO 

K«0 

O 

P- 

OaO 

MgO 

K,0 

P.O. 

N. 

Young 

Leaves 

10. «e 

ij 18.10 

2.48 

27.11 

16.0 

1.92 

0.26 


1.76 

5.28 

Old 

Leaves 

13.84 

jj 83.96 

1.19 

1 

22.95 

8.89 

4.69 

0.16 

3.17 

1.33 

8.31 
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TABLE III. 

Seasonal Cycles of Nitrof^on, Phosphoriis and C’alcium in the lj<»aves of Tf^rmiiial Shoots of an Apple Tree — 

Values as % iJry Matter. 


!' 

il 


Month of Sani])ling. 



j Juno 1 

.Inly j 

August 

Sept. 

1 

; Oct, 

Nov. 

Nitrogen (N) 

1 2.76 ' 

2.32 1 

2.37 

2.22 

i 1.84 

1,59 

Phosphorus (p20s) 

0.60 1 

0.52 ! 

0.41 

0.40 

j (1.33 

0.22 

CJalrhim (CaO) 

• 1.54 j 

1.52 ' 

1 

1.73 1 

1 

2.02 

1 2.28 

! 

2,40 


Different crops differ greatly in the contents of the various mineral nutrients in their 
leaves even when grown at the same time and on the same soil, and hence if standards are 
used for comparisons these refer only to the particular kinds of plants. Typical examples 
of rates for healthy and d€‘ficient jdants foi five croj)s are given in Table TV. 


TABLE IV. 

Values for Mineral N'otrients m Healthy and Defi(‘ieiu*y Pl»uits lor ti\e CVops. 



Healthy 



■ Matter 


p.p.rn. 

Drv Matter. 


(Vui) 

\'alues. (H) 



— 

- - 


— 

— 

Of'fjeii'iHW 






1 



\’aliies (D). 

: HaO , 

, MyO 

KjjO 



Mil 

B. 

( )at 

H. 

i 1.60 

0..76 

5.0 

0.70 . 

100 

66 i 

1 

(Young 





, 


1 


pUuits 

O. 

0 5H 

0. 1.") 


0.20 


9 


Ti|w) 









Swede 

H. 

5 . 6 

0.S6 

4.6 

0.9K 


! 



I) 

1 (» 

0 30 

1.0 

1 0.33 


j 


Sugar 

H. 

3.7 

0.91 

! 5.07 

i o.so ; 


46 ! 

29 

Hee-t 

1). 

0.02 

0. J6 

0.97 

j ; 

i 

17 

17 

Potato 

H. 

4 7 

0.80 

6.5 

1 0.83 J 


40 ! 



1 

\At 

0.34 

3.7 

1 

0.20 

1 


i 1 


Apple 

ir ' 

1 . 56 ' 

0.4 

; 1.97 

1 1 

! 0.42 

' 

30 1 

20 

o. 

0,7S 1 

0.25 

; 0.72 

i 

i 

15 ; 



As the result of numerous determinations, it is possible to suggest threshold values'' 
for 8om(i crops, below which deficiency conditions may be expected. Thus results at Long 
Ashton indicate that for leaves from terminal shoots of apjdc trees uf)llected in late July or 
early August deficiencies occur below the following : 

As % Dry Matter : CaO 1.0 ; MgO 0.40 ; KjO 1.0 

As p.p.m. : Atn 20 ; B 10. 

Similar values for the three major elements have lieen suggested for apples in U.8.A. 

Foliar Diagnosis. An elaboration of the chemical method hiis been introduced by 
Lagatu and Maume (Ref. 8) in France, which they have designattni Foliar Diagnostics (or 
Foliar Diagnosis). The method has been widely applied to problems of mineral nutrition 
in U.S.A. by Thomas and Mack (Ref. 19). The essential feature of this method is that it 
compares the nutrient status of comparable leaves of healthy, high-yielding plants with 
others at various times during the growing season, the nutrient status of the former group 
regarded as satisfactory. Leaves are taken from the chosen plants at selected points 
on three or more occasions during the growing season and determinations made of the contents 
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of nutrient elements in dry matter. The sum of the three percentages of nutrients is regarded 
as the “quantity or intensity’’ factor in the nutritional status and their ratios, on a 
milligram equivalent basis, as the “ quality ” factor. The values for the various sampling 
times are plotted on triangular diagrams to make the necessary comparisons of quantities 
and seasonal trends. 

An example of the results of a typical test is illustrated in the following diagram from 
Thomas and Mack (Ref. 19). 



Rapid Chemical Tcsis on Plant Tissues, A serious disadvantage of chemical methods 
as applied to mineral defitdency problems in plants is that the determinations require a 
considerable length of time to carry out and hence attempts have l>een made to develop 
quick proximate methods similar in principle to those evolved bv Morgan for soils (Ref. 
9). 

In the plant tests the object is to compare the easily soluble mineral nutrients in tissues 
such as stems, petioles and leaf laminae, i.c., the parts of the plants likely to reflect the 
nutrient supply at the time of the test. The technique which originated in U.S.A. (Ref. 
20) is suitable for use either in the field or in the laboratory. 

The method of testing consists essentially of the extraction of tissues, previously out 
into small pieces, with an extracting solution (usually with Morgan’s leagent — 100 gm. 



BecmJt DsvthpmefUa in Methods of Diagnming Mineral Deficiencies of Crops. 181 

sodium acetate +30 m.l. glacial acetic acid per 1 litre or with normal hydrochloric acid), 
for a short period (say 15 minutes), poiuing off the extracted solution and testing for the 
nutrients by suitable colour or turbidity tests. The results are assessed visually with or 
without the help of a comparator and may be classified merely as high, medium or low, or 
they may be given quantitative values. At Long Ashton methods are available for 
delioiency levels for nitrate, phosphate, calcium, magnesium, potassium, chloride, iron and 
manganese and for toxicity levels of manganese and zine (Refs. 10, 13). 

Many comparisons have been made bc^tweon the results of full chemical analysis and of 
tissue tests and these have showm good agreement. Typical results comparing the two 
methods on samjdes from exiK'rimental apple plots at Long Asliton are given in Table V* 

TABLE V. 


Oomparison of Vimial Full Chemical Teats and Tissue Teats on Apple Leaves from Experimental 

Plots, feie})temt>er 7th, 1944. (Data of D. J. D. NieholaB). 


Animal 
Manurial 
Treatments 
since 1936 

Visual 1 

iSymptoms ! 
of 

Deficiency. 


Var : Edward \TI. 

I 

: Allington Pippin 

Full ('homical 
data as % Dry 
Matter. 

Tissue Test 
( Categories 

J Full Chemical 
; data os % Dry 
Matter. 

1 

i Tissue Test 
Categories. 


i 

MgO j 

K.O 

MgO 

K,0 

j MgO 

K,0 

MgO 

K,0 

No Manure 

Occasional 

very slight 1 
Potassium j 
deficiency i 

J! 

(K33 i 

! 

} 

I 

1.21 

M- 

M- 

0.42 

1.23 

M 

M- 

N.P.K. 

Slight 0.30 I 

Magnesium ij j 

dnficiencv 0.22 

Ij O.M 1 

2. mi 

2.20 

1.95 

M- 

M + 

M-, 

M+ 

0.23 

! 0.20 
* 0.26 

i - - 

2.51 

2.40 

2.32 

L-{- 

M- 

M 

M + 

M + 
M+ 

N only * 

Magnesium 

defici€‘nry 

0.38 ! 

! 

1.32 

M 

L4- 

1 

0.33 

1.46 

1 ! 

M 

L-i- 


1 rather less i 

j than N.P.K. 

\ Occasional , 

1 trace j 

0.24 j 

i 

1.46 

1 

M— 

' 0.21 j 

! 0.36 

j 1.50 1 

L-f 

M— 

1 

0.37 1 

1.68 : 

M 

M— 

j 


1.05 ; 

i 

M 

M 


potassium 

deficiency. 

♦These plots also N.P.K. annually previous to 1936. 

Wliilst chemical tests carried out as above give clear indications of the mineral status of 
plants in most instances, nevertheless in some circumstances they do not supply the required 
information. Iron, in particular, is a striking example. As stated previously, in practice, 
this deficiency is probably always induced and generally there is little or no difference bet- 
w^een the total iron of healthy and deficient plants nor is there any method known which will 
wdth certainty distinguish between the iron status in such cases. Moreover, where iron 
deficiency occurs as a lime-induced chlorosis the deficient leaves show abnormal amounts 
of calcium and potassium, the former being low and the latter high. Again iron content 
has been found to be abnormally high in oases of iron deficiency associated with zinc 
toxicity in Dolomitic soils. Such results, though perhaps exceptional, show the wisdom 
of confirming chemical results by other methods where possible. 

Before leaving the subject of chemical methods mention should be made of the speeding 
up of chemical determinations which has followed from the development of the spectrograph, 
polarograph and the absorptiometer. 

SoU^ Analysis. The main problem in soil analysis in connexion with its use for the 
determination of mineral deficiencies in crops is that of determining the availabihty of the 
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soil nutrients to the various crops. The first notable advance in this direction was made 
by Dy€*r (Ref, 3) as long ago as 1891, when he suggested the use of a 1% solution of citric 
acid as an extracting agent to simulate the action of plant roots in extracting potash and 
phosphate from the soil. 

Many other extractants have been suggested during recent years such as water, 
carbon dioxide solutions, ammonium acetate, acetic acid, ammonium chloride and dilute 
hydrochloric acid in methods similar to those of Dyer’s (Refs. 12, 23). Other workers 
have suggested the use of micro-organisms (Refs. 16, 17) and of plants grown under stand- 
ardised conditions (Ref. 18) and all have been found to give useful indications of the nutrient 
supplying powers of soils. 

The conception of base exchange in soils has led to the development of a number of 
methods for determining the supplies of readily exchangeable nutrients and has also 
provided a new outlook on the problem of soil acidity in which hydrc gen ion concentration 
(i.e., pH), degree of base saturation and exchangeable calcium are considered in addition 
to the older method of lime requirement ” or lime absorbing capacity developed by 
Hutchinson and McLennan (Ref. 5). 

Finally, methods have been evolved for speeding up anal^iiical procedures, among which 
must be mentioned the quick soil testing methods of M. F. Morgan (Ref. 9) wliich can be 
used to give proximate results in the field and which are similar to the tissue tests already 
describc'd. 

The discovery of the importance of such elements as magnesium, manganese, boron, 
zinc and copper has called for methods of determining their availability in the soil and 
methods have been suggested for which good results are claimed (Refs. IL 15). 

All these methods when used by experienced workers can bt^ useful in indicating the 
probability of the occurrence of the various deficiencies, particularly of j>ota8sium and 
phosphorus deficiencies, and they are esjjecially useful in making forecasts before crops are 
sown. If must be recognised, however, that aU are empirical and that a low value for a 
given nutrient does not necessarily mean that crops grown on the soil will be deficient in 
that nutrient. Soil analysis, in fact, in its present state of development, can only provide 
indications of deficiencitis and is best used in a complementary r61e to ])lant tc^sts. 

Field Trials, As the response of tlie crop to a nutrient element, however ap})lied, 
must always be regarded as a final test of a deficiency of the particular nutrient, field trials 
must always be of importance in diagnosis. In the earliest trials of Lawes and Gilbert, 
single plots without replication of treatments were used but the treatments were rejn^ated 
annually for long periods to produce cumulative effects. This ty})e of experimental plot, 
given some degree of replication, still remains of value in providing standards and in showing 
how nutrient deficiencias may be brought about by manurial and other practices. 

Great improvements in the technique of field experiments designed to measure re- 
sponses to manurial treatments and to study the interactions of nutrients have been made 
since 1920, but since these were discussed at length by Crowther (Ref. 2) in a recent number 
of this Journal it is unnecessary to describe them in detail. The main point about these 
newer techniques is that by the use of layouts suited to statistical analysis greater precision 
and certainty is obtained in the results. 

A method developed especiall^’^ for diagnostic purposes has been proposed by the writer 
(Ref. 22). In it use is made of special indicator plants, specially selected to cover the various 
nutrient elements, and of manurial and spraying treatments. The indicator crops are sown 
in parallel strij^s whicli are crossed by the nutrient treatments. The method is of special 
use on land of unknown cropping capacity or where more than on© deficiency may be 
ooacemed. The results may be judged visually and can be checked by chemical deter* 
ntinations on the plants. ^ 
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Although field trials measure responses to nutrient treatments, nevertheless there are 
conditions under which erroneous conclusions may be drawn. This is particularly true of 
some trace element deficiencies which may sometimes be remedied by changes in the of 
the soil. Thus applications of sulphur may remedy deficiencies of manganese and alleviate 
deficiencies of iron and boron by lowering the pH of the soil, and conversely the application 
of lime may cure a deficiency of molybdenum. Moreovtjr, dressings of manganese or iron 
salts to many soils are ineffective in curing these two deficiencies which may nevertheless 
l^e remedied by spraying or injection treatments. 

There are also instances in the field when fertilizer apj)licationH are too slow' to be of 
value for diagnostic purj) 08 es. This is particularly so with fruit trees where reactions from 
fertilisers containing potassium and magnesium may require several seasons to become 
effective against these deficiencies. 

CONCLUSION. 

It will be evident that the recent advances in methods of diagnosing mineral deficiencies 
fall into two categories, viz., new methods in which the emphasis is laid on the use of the 
crop plants and improvements in the older methods of soil analysis ami field experiments. 

Experience has shown that no one method will solve all problems, but each has its 
particular uses, and the most effective procedure is to use a combination of the different 
methods in a complementary way and in confirmatory rdles. In practice, different i)eople 
will ]»refer different methods, and circumstances and facilities will often decide the final 
choice. It should Ixi noted, however, that whilst certam methods require a high degrfie of 
sp(*cialist training and expensive equipment and apparatus, others can be used on the farm 
by technical officers and intelligent farmers with very simple equipment. 

Finally it may bo stated with confidence that, in the hands of suitably trained specialists, 
the methods now available provide the moans of detecting deficiencies of any of thc‘ mineral 
elements at present known to be essential to the nutrition of crops. 

T. WALLACE. 

Long Ashton Keskabch Station, 


Uncvebsitv op Bristol. 
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The Drying of Grain for Sesd Purposes. 


THE DRTING OF GRAIN FOR se™ PURPOSES 


Althoitgh the artificial drying of cereal seed and of seeds in general has been brought 
prominently to the notice of agriculturists and horticultmists in this country in the last ten 
years it is by no means a new practice. It has been used for example, very generally and for 
a long time past, in conditioning various kinds of vegetable seeds and tlie rarer flower seeds, 
while in Ireland and the western parts of Scotland, which are characterised by a high rain- 
fall and extreme humidity, the drying of cereal grain before storage is, by long usage, almost 
a normal procedure. It is also very widely practised in all parts of the country by maltsters 
and others who utilize home-grown grain either in the preparation of malt or of various 
fSTOcessed foods for human consumption. As the preparation of malt of all descriptions 
involves the growth of the grain, drying giain for this purpose is stiictly comparable with the 
process in relation to seeds in general, but where the ultimate destination of the grain or 
other seed is direct processing, drying within certain limits whi(?h will dealt with latter is 
done to secure good keeping quality only. 

There are well-founded reasons for a wider adoption of drying in the British Isles in 
relation to cereals, based on what may be termed the economics of cereal production rather 
than on a fundamental change in the character of our climate. Undoubtedly the most 
significant reason for its wider adoption in recent years is the advent of the Combine 
Harvester which, in the j)eriod of its early appearance, wiis accepted as a iiK^ans of lowering 
the cost of harvesting and threshing, the two large items of costs in cereal production. The 
Combine Harvester achieved this result, and it is generally conceded, moreover, that in view' 
of the limited man power available to agriculture during the war it would have been 
impossible to secure the relatively vast harvests of that period without it. 

At the same time it cannot be denied that the Combine Harvester brought in its train 
the pressing problem of storage accommodation. Quite apart from this circumstance how - 
ever, the general shortage of skilled labour coupled with tirgent necessities arising from the 
conditions of War often compelled the farmer to thresh his grain when he could, rather than 
when the ultimate purchaser was in a position to accept and deal with the produce. In the 
past, the farmer provided natural storage by stacking his grain crops, whereas he is now’' 
faced with the very immediate necessity of providing storage for grain in bulk. Many far- 
mers have already met this need by erecting permanent, semi-{)erman6nt or temporary bins 
of different structure and material. Nevertheless, this provides only one, although ad- 
mittedly an important feature of the total requirement, for unless grain is in good “ con- 
dition when it is placed in bins or other storage receptacles it will deteriorate more or 
less rapidly according to the amount of moisture it contains. Some mitigation of these 
effects may be realised by adequate aeration of the whole bulk of grain, but this is a tacit 
admission that the grain was not sufficiently dry when it was bulked to obviate the necessity 
of attention during storage, and involves the provision of special features in the structure of 
the bin or additional mechanical equipment to effect aeration. The issue is thus joined ; 
at what moisture content can cereal and other seeds be stored in bulk safely, and if they 
require drying artificially, what are the best means of carrying the process out without 
injury to the germinating power of the seed, and without bringing about changes in the 
grain itself which may affect its value for commercial purposes ? 

With regard to the first part of the question, namely, the moistiire content at whiph 
«eed8 can be safely stored in bulk in this country : on this very important point one is in- 
clined to err, if at all, on the safe side, but general experienoe-indicates that for grain, up to 
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but not exceeding 14 per cent, moisture is a safe maximum for bulks of a reasonable sise. In 
seasons with average harvesting conditions this figure is somewhat below the general figure 
for grain as it is threshed either out of the field or soon after stacking ; on the other hand, 
in good harvesting weather samples with 1 or 2 per cent, less are not infrequently met with 
in grain threshed directly out of the field. In many other seeds, especially those that pack 
densely, a much lower figure than 14 per cent, is essential to safe storing. 

In all cases a “ safe ” figure depends somewhai on the form of the bulk, that is, on the 
proportion of the surface of a heap exposed to the air, as in large and airy lofts and other 
open spaces, and on the dryness of the air. Under such conditions of storage aeration is 
an asset : the same but greater need for aeration exists with grain stored in a confined space, 
such as in many grain silos, and is then provided by transferring the grain by mechanical 
means from one bin to another periodically, or by forcing air through the mass of grain. 

As to the means of drying gi*ain and other seeds artificially : this is generally done by 
hot air and for really wet material it is at present the cheapest method, but as will be shown 
later there are others which may be usefully employed for small quantities of specially 
valuable seeds. 

It may be helpful in bringing the whole question of artificial drying into proper per- 
spective to outline briefly the underlying necessity for the operation. Before a fully ripened 
and viable seed will germinate three physical conditions are essential, namely, sufficient 
moisture, air from which oxygen may be abstracted by the young ])laiit from the outset of 
its development, and an amount of heat which varies with different classes of seeds. When 
these threni conditions are satisfied, chemical changes occur in the seed which lead to the 
growth of the hitherto quiescent germ, and in a few days the development of the germ becomes 
manifest in the appearance of a root and the first shoot in cereals, and of the root and 
primary leaflets in other classes of seeds. In the absence of any one of the three physical 
conditions there is no visible development of the germ beyond its original state. Thus, at 
a moisture content such as the safe storage figure mentioned above, and, of course, at 
lower moisture figures, there is no visible alteration in the appearance of the grain during 
storage, although there may be, and often are, chemical changes in the material of the seed 
itself. These involve the slow but continued evolution of carbonic acid gas which, if it 
proceeds too far and is not removed, may exercise a lethal effect on the germ. The driei' 
the seed the less tlie risk of damage from this cause ; hence, the necessity for a low storage 
moisture figun^ and for the ])e>riodical aeration of the bulk unless it is initially very dry. 

The need for a certain degree of heat is well illustrated in wet harvests with low 
temperatures when, fortunately for the farmer, and despite the provision of the other two 
essential conditions for growth, grain does not sprout to an extent that is unduly harmful 
to effective germination later. Such a limitation may, indeiKl, partially retrieve what 
would otherwise be a disastrous outcome of the present harvest. On the other hand, in 
harvests such as that of 1944, when the temperature after a heavy downpour in the middle 
of August was high, the effect on exjKised croj)s was readily visible and jxjrmanent in its 
unfortunate effect. 

Costs must naturally be considered in farming as in commercial affairs, and it is 
evident that any scheme for the storage of grain in air-free receptacles is out of the question 
as is also, at least for the moment, the idea of cold storage of grain. This brings us then to 
the artificial drying of grain as at once the cheapest and most practicable means of operating. 

The aim of aitificial drying should bo to bring the moisture content down to a “ safe 
figure as cheaply as possible : the complete desiccation of seeds is unnecessary for storage, 
and is further undesirable in so far as it adds considerably to the cost of the operation. 

Kiln-drying is, and for long has been, a widely-us^ method of treating grain on a 
commercial scale, and in experienced hands proves a safe and effioi^t process. But time 
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ia an essential feature of the operation, and although relatively large quantities of grain can 
be dealt with in a full season of several months, the existing kilning capacity of the country" 
is adequate to cope with the very large quantities of grain which now-a-days await treat- 
ment immediately harvesting commences. Nevertheless, suice a great deal of grain is still 
kiln-dried, and because this method of drying has been used so successfully for many years 
in all parts of the country, the features of the process that have contributed to its general 
acceptance merit some consideration. They may, at least, be a guide in the 2)ractical use of 
more modern mechanical driers, and in the development which must gradually proceed 
from the wider use of such machines. 

Although cereal grain enters so largely into the presentation of the subject it should be 
emphasised that with certain minor modifications, some of which will be dealt with later, 
almost all that is stated under this heading applies equally to other classes of sc^ds. 

The essential structural features of a malt kiln are, first, a floor jf j)erforated terra- 
cotta tiles or, less usually, of metal rods spaced to permit the ready flow of air, but to prevent 
the passage of super-lying grain, an air chamber immediately under th(^ floor into which hot 
air from an open fire on the ground floor passes. Above the opening admitting hot. air from 
the fire into the hot air chamber there is a metal baffle wliich ensures the* equable distri- 
bution of the heated air over the whole under-surface of the tiled floor on wliich the material 
to be dried is distributed at as even a depth as possible. The walls of the kiln are continued 
upwards for some height above the kiln floor, and support an exteii(l(*(l coni cal ly-shaped 
I'oof with a large opening at the confluence of its suppoiting timbers. Sim^e there is no 
ingi'ess of air except through the fire there is a continuous flow of hot air upwards through 
the air chamber, the kihi floor and out at the apex of the roof. The temjK^rature of tlie air 
passing through the floor, and thence tln*ough the grain, is regulated by oja^ning or shutting 
the furnace door, or by a thermostatic control which regulates the flow' of cool air into the 
fire box. The whole building is thus designed to obtain a large volume of rajiidly moving 
air through the material to dried, and afterwards to conduct th(' air with the moisture it 
has acquired in its passage through the grain to the open as quickly as j)ossible. 

The loading depth of the kihi is usually 7 to 12 inches, but the exa(*t de])th v^aries with 
the initial moisture content of the grain, very wet grain being loaded nuu h morf’ thinly than 
drier grain. The installation of electric fans in or near the roof outlet of many kilns in recent 
years has greatly increased the rate of air flow through drying grain, thereby making it 
X)0ssible to load the kilns dee]:>er and to dry somewhat more rapidly. 

This brings us to the crucial point in the exposition of the subject under discussion, 
namely the temperature at w^hich grain may be dried, and the rate at which drying should 
be effected. It is necessary at the outset to differentiate between a treatment termed 
“ conditioning ” which involves the reduction of the moisture content to a “ safe figure, 
and drying to a low figure with storage for an indefinite period in view'. This distinction 
automatically separates all classes of seeds whose value depends on their capacity for future 
growth from those in whi()h future growth is not a measure of commercial value. 

It was stated above that the safe figure for storing grain ia betw<^eii 12 and 14 pei* 
cent., with an emphasis on the lower figure ; this is approximately the figure found in grain 
as it is harvested in a dry season, in other words, it is the amount of moisture present, when 
at the conclusion of natural ripening, the grain has undergone th(j ]>roce8s of normal des- 
iccation. In countries with very diy climates this figure is naturally much lower, and in 
wetter climates it is correspondingly higher. 

In ‘‘ couditiouing malting barley on a malt kiln, which is in all essentials tantamount 
to drying seed, the temi)eratures adopted are from an initial 80 ®F. in the grain resting 
immediately on the floor of the kiln, rising gradually to 120 °F. at the end of 18 to 24 hours. 
Once this period is passed, a further reduction of the moisture content can be undertaken 
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but this will require highei* temj^eratures which, while they would have been lethal to ger- 
mination in the early stages of drying, can \)e utilised at this later stage without injury to 
the germinating power of the seed. But for malting barley, and for most seeds which are 
unlikely to be stored for an extended j>eriod, extreme drying is unnecessary and, moreover, 
increases the cost of drying without securing any com^iensating value. 

It will he noted that the salient features of drying such as that just described are low 
temperature8,amaximum volume of heated air to absorb and carry away expelled moisture, 
both operating over what, in view of modern necessities, must be regarded as an impracticable 
period of time. It is this limiting factor of time coupled with the ex|)ense of handling grain 
on to and off a kiln that has called into being the various types of mechanical driers now in 
use on farms, and very extensively in commerce. Claims have Ikjcu made on behalf of these 
driers of the ability to dry at higher temperatures and with greater rapidity than was, and is 
still practised with the malt kiln, and some of those claims have been well substantiated. 
It is interesting to note, however, that in their structure and in the method of working some 
of the more successful jjiants are designed to iuljust themselves to the two phases of drying 
already described, namely, a low’ and slowly rising temperature followed, where necessary, 
by a higher temperatur(‘ which would have been lethal to germination at the commencement 
of the drying ojH^ratiou. In other words, really wet grain cannot be dried at as high temper- 
atures as drier grain without definite risk to its germinating capacity, and it cannot be too 
strongly emphasised that th(‘ fanner is called upon to deal with grain at th(‘ j>eak of moisture 
eoritent, which is also th(* most critical stage in the mattt'i* of drying. 

It is difficult to discuss any {)haHe of grain drying without a consciousness of the 
criticisms that th(‘ ])rocess as it is now widely practised hy farmers has evokt^d in some quarters. 
In so far as this criticism involves combining iis a method of harvesting it is generally 
ov(‘rstated, and certainly takes too little account of farmers' ])raetical difficulties at a time 
of unprt‘cedent(‘d urgen<*y. Indeed, in the hands of many farmers, (bmhining, in so far 
as it makes it ])ossihl(^ to d(*lay cutting the crop until the grain is fully rix>e without incurring 
undue liarvesting risks, may he the means of securing an enhancement of t|uality in malting 
barley. 

On the other hand, a somewhat uiiexpe(*ted position has been exi)Osed in malting bar- 
h\ys and in other cereals w’hi<;h, altliougli ripe wiien cut, exhibit a high degree of dormancy 
and will not gtn’nunate in the normal manner even under physical conditions most favour- 
able for growth. The causes of this condition have not yet been tl(‘fined si>ecificalJy, but 
some possibilities hav(5 been described by Dr. Bishop in the Journal of the Institute of 
Brewing, Vol. L. No. 4, July- August, 1944, while the study of the subject has been extended 
by the same investigator, and reported upon in the Journal of the Institute, Sept. -October, 
1945. It is interesting to note that in his re^jearches Bishop finds a remarkably high degree 
of dormancy in Hordeum spontaneum, the supi^osedly wild progenitor of cultivated 
varieties of barley, a result which is closely paralleled by Avena fatWy the common wild 
weed oat of our arable fields, which is so difficult to control in practice because of its 
dormancy or delayed germination. 

In view of those experimental findings dormancy cannot be regarded as a new pheno- 
menon, and the reason for the prominence now given to this condition of the seed appears to 
arise from the acceleration of the period between ri[)eness of the crop as distinct from its 
maturation and, in the case of barley, the actual malting of the grain. This leads one to 
regard the older methods of harvesting, first the swath, and in later times the stock, and 
finally, the process of ** sweating ’’ in the stack, from another angle. All these may have 
been no more than operations in concert with the time in which they were practised, but it 
is probable that what now seems to us unduly laborious methods of handling the crop 
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conferred a benefit on the grain which we are in danger of losing under highly mechanized 
systems of harvesting. 

To the post-ripeness changes that were brought about under earlier systems of harvest- 
ing in the swath, and later in the stack, the term “ maturation ” is applied, and its import- 
ance in the assessment of malting quality was described in a striking manner by the late Dr. 
Beaven in his paper, Varieties of Barley,” Journal of the Institute of Brewing, July and 
August, 1902, as follows : 

“ Otlier things being equal, size of grain (indicated by the weight of the individual 
corms) undoubtedly affects the quantity of ultimate extract. Quality being equal, 
large grain gives bt'tter extract than small. But of the two points the maturation is 
the more important, for large grain is very generally coarse and does not necessarily 
give good extracts. Malting quality depends more than anything else on maturation.” 

In an earlier discussion of the subject of “ matuiation ” in the Journal of this Society, Vol. 
II, 1900, the same authority after describing the general course of the metabolism and 
katabolism of the material of the barley grain proceeds. . . . Between the up-grade and 
the down-grade there is ordinarily a resting-stage, wliich is long or short according to the 
location of the seed in relation to moisture and temperature. We say there is “ ordinarily ” 
a resting-stage at tliis particular period, but there is no evidence, so far as we are aw^are, that 
this is an absolute necessity. Some grain which is rij)e will grow under certain conditions, 
?.e., it must be partially ripe before it is attempted to germinate it. There may be either no 
resting-stage, or a very short one, and that not at the usual period. But these are abnormal 
conditions. They do not arise in a state of nature, because the seeds do not at that stage 
separate from the parent plant. When grain under cultivation is cut unripe it may grow 
very well, provided there are, first of all, drying conditions. But the grain is not only one 
but two stages from being “ fit ” for malting purposes. Grain will glow wlwm it will not 
“ malt.” It has first to complete an intermediate stage, during wliich matter “ migrattws ” 
from the stem upwards to the seed, and within the seed, from the endosperm to the embryo. 
It will then have reached full size, and all the material for malting be present in the grain, 
but the material will not be in the requisite condition. Something more is still required for 
complete maturation.” 

It is generally recognised that dormancy in a great manj^ seeds is broken by slow arti- 
ficial diying, provided tiie grain or seed is not excessively dry at the outset. Some investi- 
gators considei* that the elimination of dormancy by these moans is an immediate effect, 
while others are of the opinion that a resting period varying from a few weeks to some 
months is necessary before the dried seed displays its full germinative energy. In com- 
mercial malting where drying is done slowly at a low^ temperature, in all essentials a close 
simulation to ” sweating ” in the stack — ^a period of two or three weeks is usually regarded 
a sufficient rest. 

A very good example of the operation of the resting period is afforded by the results of 
some drying experiments conducted with flax seed and rex)orted in the Journal of the 
Department of Agriculture and Technical Instruction for Ireland, October, 1914. The 
object of these experiments was to determine the maximum temperature to which flax could 
be subjected without entirely destroying its germination. The sample of seed used in this 
test had an initial germination of 8b per cent, and a moisture content of a little over 8 per 
cent. A portion of the sample was dried for 4 hours, and a second portion for a period of 8 
hours, at temperatures starting at 144 and rising to 175 The germination of the seed 
immediately after drying and cooling, that is, after a lapse of 24 hours, and then after a 
period of 4 months, was as follows : 
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Sample I 

IMed for 4 houm at 
commencing temperature 

Immediately after 
drying 

15 per cent. 

Germination 
After a 
resting period 
of 4 months 

42 per cent* 

Sample 2 

of 144 "F. raising to 176 “F. 
Dried at same temperatures 
as 1 for 8 hours 

19 per cent. 

59 per cent. 

It is not clear from these tests why the sample that underwent the longer period of drying 


should show the higher germination value, but both samples provide evidence of the value 
of a resting period after what may be regarded as a severe test in respect of both the tem- 
peratures and the rate of drying. 

Be 3 ’^ond drawing attention to Bishop’s conclusion that “ maturation ” may be regarded 
as the process of recovery from dormancy, this condition of the seed in relation to Com- 
bining cannot bo pursued at greater length here. Sufficient has been said, however, to 
indicaki that the subject merits attention in evaluating Combine harvesting with its 
contingent drying, especialh^ in so far as it exposes the possibility of confusing the effects 
of a natural phenomenon with the deleterious consequences sometimes arising from a 
purely artificial operation. 

During the past five or six years researches on the technique of grain drying have been 
carriwl out by the Cereals Research Station of the Ministry of Food at St. Albans. The 
investigations undertaken by that l)ody included the effect of different temperatures on the 
germinating capacity of grain of different moisture contents. The results obtained under 
this beagling confirmed the ex])erience gained by long practice, namely, that the higher the 
initial moisture content the greater the risk of damage, and consequently, the lower the 
tem^Hnaiuros that should be employed at the outset of drying (Ref. 1). !l^oceeding from 
this point it was shown tliat there is a steep gradient in the temperatui*e of the grain during 
drying in relation to the depth of the grain : thus the grain temperature approximates to 
the heated air temperature when the depth of grain is shallow but falls steeply as the depth 
is increased. This emphasises the })raetical necessity of mixing the grain thoroughly during 
the drying operation, and recalls the well-observed practice of turning grain by hand during 
drying on a malt kiln. 

The di ving (^apainty of any form of drier depends not only on the t emperature employed 
but on the rate of flow of heated air through the bulk of grain ; this, however, also requires 
careful regulation so as not to bring about too rapid a rise in the grain temperature which 
will be more damaging with wetter than drier grain. 

Apart from actual damage to grain a good deal of criticism centres around unevenness 
in drying with the result that the whole of a bulk has not the same final moisture content. 
From a maltster’s point of view this is objectionable for two reasons : first, if grain is under- 
dried it cannot be safely stored unless it is re-dried, which is an undesirable procedure, in 
addition to adding considerably to the final cost of the grain ; secondly, since grains with 
different moisture contents absorb water at different rates and to different extents in the 
malting steep they fail to produce the evenness of growth on the malt floor which is the 
basic requirement of good and efficient malting. It will be noted that at the same time this 
condition may nullify the efforts that have been made in recent years to secure uniformity 
in the process of malting by the use of pure seed. 

Up to this point the whole emphasis of these observations has been related to the 
effects of drying on the germinating capacity of seed, but it has been shown by the investi- 
gators at the Cereals Research Station that in the case of wheat they may extend to 
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qualitative values also where they find expression in what is termed the “ extensibility 
of the flour, and finally in the volume of the resulting loaf (Ref, 2). The extensibility of 
English wheats is found to vary from variety to variety, and in the same variety from season 
to season and from place to place. It is consequently difficult to state a dr 3 dng temperature 
for any given variety without relation to the specific conditions undw which it was grown, 
and this, even if practicable, involves very extensive tests on a strictly varietal basis. The 
general recommendations adopted to meet the position as disclosed by these investigations 
do not depart from those already outlined, namely, that the temperatures employed for wet 
grain should be lower than those for drier grain, and that the rate of drying should lx*, re- 
gulated in the direction of a greater length of time for wetter material. 

It will be observed from the above that the farmer-drier is faced with the problem of 
dealing with his grain when its moisture content is at its peak, and thus at its most critical 
stage for drying, and that this position may be aggravated in unfavourable seasons by a 
rapidly increasing accumulation of grain as harvest proceeds. The danger that then arises is 
a tendency to hasten drying b^’ raising drying temperatures bo^^ond what are safety levels, 
and by increasing the rate of drying. How far this position can bo provided for in the* future 
remains to be seen, but the problem is obviously one requiring adjustment between safe^ty 
in operation within the limits outlined above, and speed in handling. 

Reference has been made to methods of drying seed other than by heat which may be 
particularly desirable with small quantities of speciall}^ valuable seed. As an example of 
this the following figures may be of interest ; they relate to two parcels of onion 8(H>d 
produced during the War which were required to be held over from sowing for a time. While 
this was the immediate object of the experiment, it was hoped that the results would at the 
same time furnish data for elaboration of the system of treatment at a future date. 

The seed was placed in an air-tight wooden container with, in one case a considerable 
surface of Calcium Chloride, and in the other, Concentrated Sulphuric Acid. The moisture 
content of the seed used for each treatment was recorded, together with that of the seed after 
treatment. In the Tables which follow the germination of the seed 3 weeks and 35 weeks 
after treatment is added ; as Controls to the treatments a portion of the seed was merely 
germinated, whilst two other portions were dried in hot air, for 8 hours, one at 7(rF. and 
the other at 80 


SAMPLE I. 


Treatment 

Moisture 

on 

receipt 

per cent. 

Moisture 

aftar 

drying 

per cent. 

Germinatiou 
(14 days test) 

4 weeks 
aftei* 
drying 
per cent. 

39 weeks 
after 
drying 
per cent. 

Control 

10.28 

— 

97 

94 

Dried at TO^F., 8 hours 


6.3 

96 

95 

Drieti at 80”F,, 8 hours ... 


6.0 ' 

96 

93 

Dried over (Jalcium Chloiide, 7 days ... 


5.2 

97 

97 

Dried over Concentrated Bulphiiric Acid, 7 days 


4.0 

95 

95 



141 


The Drying of Grain for Seed Purposes. 

8AMPLE II. 

Oerminatiou 
(14 clayg test) 

Treatment Moisture Moisture 1 

on after 3 weeks | 35 weeks 

receipt drying after j after 


Control 


Dried at 70®!*’., 8 hours 


Dried at 80®F., 8 hours ... 

Dried over (‘alcium Chloride, 7 days 


Dried over Concentrated Sulphuric Acid, 7 

It wiJl be noted that in both 8ani]>les the Sulphuric Acid is a stronger drying agent than the 
Calcium Chloride but that both dried the onion seed to a lower moisture figure than was 
obtained by hot air drying at 70 or 80 ®F. for eight hours. No treatment a])pears to have 
affected the germinating capacity of the seed even when the moisture content was reduced 
to 80 low a level as 2.0 per ceni.. This low figure, however, was obtained after 7 days' ex]30sure 
to the drying agent, and it may well be that the very slowness of operation was a factor in 
arriving at what is a[)proxi mating an extreme condition of dryness without detriment to the 
germinating capacity of the seed. 

A]>art from the preservation of the [wtential value of seeds by artificial drying the 
bimefits of the. process in (uops such as barley extend to the resulting crop. Some indication 
of the nature of these beiu^fits is evident in what has l>een said with regard to uneven drying 
in its bearing on malting. If difference's in the moisture content of the constituent grains 
of a bulk result in uneven growth on the malt floor, evenness in the moisture content becomes 
synonymous with legularity in germination and subsecpiently development of the plant. 
But what happens in the malt house is an exact counterpart of the sequence of events in the 
field, and any ad vantage evident in the former is found in full measure in the growing crop : 
consequently, in so far as he secures (evenness of germination and growi^h in the field the 
farmer is making an effective contribution towards one of the essential conditions in the 
production of good irialting grain. 

Jn recent years the benefits proceeding from the dusting of cereal seed with organo- 
mercurial compounds as a means of controlling diseases such as Leaf Stri})e {Helminthos- 
porium) have been so marked that the treatment has become a normal procedure in the 
preparation of seed corn. Provided the seed is dry when dusted and is stored under con- 
ditions witich ensure the continuance of this condition, delay in sowing, often enforced by 
unfavourable weather, has no deleterious effect on the dusted seed. If, on the other hand, 
the seed is not sufficiently dry when dusted, and sowing is delayed for any reason, there may 
be a substantial falling off in the germinating capacity of the seed arising from the dusting. 
Thus, artificial drying confers a further benefit which, although unanticipated at the out - 
set, is a very real one in actual practice. 

H. HUNTER. 

nc, Huntingdon IIoad, 

Cambaipok. 
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FORESTRY ON ESTATE AND FARM 

In the abstract forestry claims a great many adherents in (iJreat Britain, nevertheless the 
practical aspects of woodland management for the growth of timber as a first consideration, 
and the implications arising from this branch of husbandry, have been far less widely under- 
stood in this country, nor have the principles of systematic forestry always been applied 
in woodland Britain by those who are directly concerned with the o\\mership and manage- 
ment of land. And yet, universally, the aims and objects of forestry practice are the pro- 
duction of raw material in the form of that indispensable commodity we know as “ wood.^’ 
Properly to serve their purpose woodlands tieed to be managed according to silvicultural 
system, it being as important to plant, tend and fell in due season in a forest or wood as it 
is on a farm to sow, cultivate and reap in proper rotation. The fundamental difference is 
that a “ rotation ” in forestry may occupy 150 years or more, a |)eriod of time which always 
tends to confuse the issue by reason of its long duration. 

On the larger landed estates where the extent of woodland has warranted the full-time 
employment of trained foresters, the woods and plantations have usually received con- 
tinuous treatment and have developed according to the forest policy dictated by the desires 
of the individual owners. In this there have been, and still are, several distracting influences 
all of which have tended in greater or less degree to stultify the work of the forester. On 
the average estate woods have had to fulfil three purposes. They have usually provided 
valued features in the landscape of sentimental and aesthetic interest and have been regarded 
as objects of beauty and amenity. A second important function has been to provide covert 
for the preservation and ultimate “ showing of pheasants and other game. Thirdly the 
woods have been the providers of timber for the estate saw mill, and posts, rails and other 
materia] for estate repairs, as well as, on occasion, material for sale to the home timber 
trade. In general the consequences of the distractions from the main purpose of forestry 
have manifested themselves in reluctance to fell at the most profitable time or to interfere 
with the appearance and quietude of the woods by conducting silvicultural oj>erations as 
the times and seasons demand. The cry is, too often, that forestry does not pay — ^the an- 
swer is that a forestry denied its full purpose cannot show to due advantage where its power 
to create and store up wealth is handicapped by other considerations. In the balance sheet 
of estate forestry, as frequently practised, credit should be allowed, not only for the raw 
materials the woods furnish, but also for the value to the estate and its owner of all the 
amenities and enjoyments derived from the kind of management prescribed by the owner’s* 
wishes — ^a very weighty credit item in numbers of instances. 

But if plans are laid with care in the light of forestry knowledge and experience, none of 
the amenities of country life need be sacrificed, nor need the out-turn from the woods be 
made to suffer. It is unprofitable, and not a little selfish to coming generations, to allow 
stands of timber to become over-mature and valueless where the forester’s skill is quite 
capable of replacing old stands as they mature, by methods of selective or clear felling end 
regeneration, before the trees become worthless as timber. Timber trees are a crop and to 
reap full financial benefit the crop must be harvested and utilized or sold at the proper time. 
This is an axiom of all husbandry. 

Although conservatism in matters of felling and silvicultural practice in the interestis 
of amenity and covert has too often weighted the forester’s accounts on the wrong side, to 
us in Great Britain this conservatism has proved a blessing in the great wars reo^tly 
provoked by Germany. From the days of the Napoleonic campaigns an astonishing store 
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timber accumulated in our woods for which the nation has owed a generous meed of thanks 
to British landowners. At the same time it is to be remembered that if , as a nation, we had 
been more assiduous with our afforestation and if our rulers of the I9th century had adopted, 
in time, a national Forest Policy adequate in scope to the nation’s needs, many a British 
woodland would have been saved that has now become devastated and, for the time being, 
lost to the countryside. The war-time and other fellings of the past 30 years have played 
havoc with the exiguous total area of productive woodland in Britain, a total which has for 
centuries compared badly with those of the principal countries of Europe, many of whidji, 
including Francje and pre-w'ar Germany, were, notwithstanding their wealth of forest, 
importing countries. 

The chief reason why forestry has never yet been taken so seriously as a national 
industry with us as on the Continent lies in the fact that hitherto (except in war) we have 
been able to import foreign timber cheaply and readily to the extent of 94 jier cent, of our 
entire requirements. To-day we are no longer assured that timl)er from overseas will con- 
tinue indefinite!}' to be available for importation either in adequate quantity or at reason- 
able price. The time in which to put the estate woodlands of Great Britain into jiroductive 
order and to add to the afforested areas of the country is^certainly overdue. The case was 
ably put by the Acland OommitU^e during the 1914-18 war and again, comprehensively, in 
the Report on Post-war Forest Policy by H.M. Forestry' Commissioners, in 1943, and issued 
as a White Paper ((Jmd. 6447). Those w'ho know their subject, and something of the world 
timber position, cannot gainsay the findings. The Scheme of Dedicaiion advanced in 1943 
has now been adopted by Government and with the other measures now l>eing adopted 
should provide the stimulus needed in the management of private woods. 

There is, however, one plain fact that our foresters have to face. In spite of national 
sentiment in favour of fdanting native hardwood trees, we are bound to recognise that the 
Nation’s requirements are preponderantly for softwood timbers — ^the wood of the pines, 
spruces, firs and larches — which constitute no less than 96 per cent, of all the timber con- 
sumed in Great Britain. The demand in peace or war is for the timbers of C/onifers, the 
uses of which enter into every aspect of our everyday life. These relatively light and easily 
worked woods cannot economically bo replaced by the timbers of our oaks, ashes and beeches 
which, essential as they are for particular purposes, are only in request in much smaller 
quantity. Should events prove that we are not, in future, always so easil}' able to buy from 
abroad all the “ commercial ” timbers we require on reasonable terms, and there is risk of 
this, it follows that we must grow the balance at home. In any case it is imperative in the 
interests of national security to store up, within the kingdom, enough stands of the common 
conifers to tide over emergencies of the future when circumstances may again render it im- 
possible to import foi all essential home requirements. There are yet further considerations 
and there is much to be done before our country is safe in regard to reserves of timber. 
At the same time there are many places in which no-one would dream of planting anything 
but hardwood trees and we must also be careful to cover our future requirements for these 
species. A Britain without oak, ash, beech and elm trees is unthinkable although, as with 
all kinds of timber, hardwood trees have to be cultivated properly if they are to yield mild- 
working, straight grained material to satisfy the wood-making trades. And we have to 
enoourage the cultivation of a national attitude of forest-mindedness and of resxieot for 
silvicultural skiU, if we are to secure the needful results of our forestry lal)our8. 

On any of the larger woodland properties the essentials for carrying out forestry pro- 
grammes, apart from the provision of suitable ground, young nursery stock and tools, are the 
services of a trained forester , a woods’ staff adequate in numbers for the work in view, and last 
but not least a properly conceived Working Plan. There must also be the will to see the job 
through because there can be no falling by the waj^ide if lasting benefit is to result from the 
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time, money and skill to be expended. Species should be chosen with regard to terrain, 
soils and climate. It is unprofitable to plant any kind of tree in unsuitable conditions. 
For instance oak and ash will not flourish on poor soils nor will the moisture loving species of 
conifers succeed in dry situations. Frosty places present a difficulty in the early life of 
most plantations except those of the hardy pines ; exposure to prevailing winds is also an 
important consideration. Full advantage ought always to be taken of available^ sources of 
information on special problems ; no forester should be diffident in the matter of seeking 
professional aid and advice because none can know everything about all the diverse in- 
fluences affecting British silviculture. 

In these days of rising costs it is important that no opj)ortunity be lost for the encourage- 
ment of natural regeneration. Seedling growth of any major species and some minor kinds, 
such as birch, ought to be fostered carefully in order to get a crop on the ground as spetKlily 
as possible — a forest soil deteriorates rapidly if left open to wind and weaiher. Maintenance 
and tending, particularly weeding, cleaning and thinning, demand close attention to conform 
with Working Plan prescriptions and, in regard to utilization, local and general markets 
require continuous investigation, stimulation and support ; and the best form of stimulation 
is to afford a steady out-turn of raw material on which traders and consumers can rely. ’ 

There is ohe paramount duty on landowners and all others who are interested in the 
proper cultivation of woodland and, that is the elimination of the rabbit. Silviculture and 
rabbits cannot live side by side. 

Forestry for the smaller landowner and farmer is beset with even more complications, 
difficulties and inhibitions than is the case on the larger domains, not the least of which are 
usually lack of practical forestry experience and knowledge of the way to make the best of 
local conditions and opportunities. These disabilities are often coupled with doubts whether 
small-scale cultivation of trees is worth while. Few small estates include sufficient woodland 
to provide profitable, whole-time employment for a trainexl forester and consequently super- 
vision of forestry work may present a difficult hurdle to surmount. The answer st^ems to be 
in co-operative woods’ management, whereby groups of woods are brought under systematic 
management by a forester employed jointly by the owners concerned. Alternatively re- 
course can be had to one of the several professional forestry consultants who are available 
in this country. Advice on specific problems is also given by the Forestry Commission and 
their officers. 

Owners of woods, copses and spinnies should not take such areas for granted as places 
to go if a few sticks are required for locjal repairs : no-one, as a general rule, will cut casually 
into a field of growing barley or oats for fodder although few have hesitated to rob their 
properties of trees from time to time without thought either of replacement, the capacity 
of the ground for production, or of the future. Judicious planting will improve the useful- 
ness and amenity of most landed properties and will afford shelter, improved sporting facil- 
ities and a periodic source of revenue. It is not to be forgotten that forestry is a branch of 
husbandry, or that there are areas on most small estates and many farms which pay little or 
nothing by way of annual return. Such places can, in the great majority of cases, be planted 
to advantage if suitable methods and species are employed, A plantation of larch, be it at 
one, five or still more acres in extent, is always profitable if the trees are afterwards properly 
tended and protected, and utilized as they grow to maturity. Likewise a coppice? of ash 
or Spanish chestnut will provide both fencing and saleable material. Others of the conifers 
— Scots pine, Corsican pine, Douglas fir, or the spruces are not difficult to grow ; they 
develop quickly and yield excellent timbers for home use or for turning into cash. The 
native hardwoods, oak and beech, are a long-term crop and should be planted with the under- 
standing that they must stand for many years before arriving at full profit — with oak the 
period cannot fail to be a very long one. Where there is a vacant piece of ground of good 
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quality and not too dry, ash standards yield useful results, while poplars of the right species 
(black Italian, poptdtw robtista, or another of the fast-growing hybrids) grow to timber size 
with great rapidity* Lombardy poplars are not good timber trees and the balsam poplars 
are not always successful. The thrifty French landowner places great faith in poplar as a 
revenue producer and in recent years poplar wood has been in great demand in England for 
match manufacture, clog-making and other uses : clean, well-grown trees have fotmd a 
reariy sale. Where damp, humose ground is available, and provided it is not waterlogged, 
that is the moisture in the soil must have a free flow and not lie stagnant, cricket-bat willow 
is a paying and speedily produced crop. Hitherto the growing of salix caeruUa has been 
chiefly confined to the Eastern and Southern Counties of England. 

Forestry on the smaller freeholds resolves itself into three headings : — 

(1) The mending of badly stocked, neglected woods. 

(2) The replanting (or natural regeneration) of felled woodland. 

(3) The planting of land hitherto bare of trees. 

There is also a fourth consideration, that is planting for shelter. But here the first 
(jonsidcration is not the growing of timber and, although basic principles of forestry apply 
in the planting and establishment of shelter woods and belts, it is clear that after-manage- 
ment must be directed to the main purpose in view and that rotational forestry must take 
a back place. 

Woods in the first of the above categories can best be dealt with by planting groups or 
even single trees in the vacant places, bearing in mind that young trees, or transplants as 
they are called, must have sufficient space and direct light to enable them to prosper. If 
there are natural seedlings on the area they should be encouraged, thereby avoiding “ arti- 
ficial ** re-stocking. In preparing groups for planting all rubbish that is not useful as 
temporary shelter is cut away ; groups should not be too large nor should too many trans- 
plants be crowded in. Oak, beech, ash, Douglas fir, Western hemlock and Sitka spruce 
all lend themselves to this kind of work, indeed the best ash are likely to be gro^^n in small 
groups surrounded by other species. This last remark applies to sycamore also. 

If there is clear-felled woodland to be dealt with the ground almost always requires 
preparation for planting. All useless weed-growth is cleared off, fences are repaired and 
drains scoured, after which the chosen species is planted in suitably spaced rows. New 
areas are treated in much the same way. The important points are to select the proper 
species to suit the soil and terrain, a matter in which the advice of an experienced forester 
should be sought where there is any doubt ; aiso to devote due attention to drainage and 
fencing ; and carefully to weed the newly-planted trees in course of the first two or more 
seasons to save them from being overgrown by ground herbage or coppice shoots. All young 
plantings in their early stages require protection from the competition of weeds and must 
be allowed free apace to develop their leading shoots and side branches. In spite of care 
some of the trees may die in the first season or two after being planted. These may be re- 
placed and should be if deaths occur in groups or amount in total to more than ten per cent. 
— ‘in this there is no need to aim at precise mathematical perfection in the rows, as long as no 
sizeable blanks and wasteful spaces are left in the plantation. 

Drainage is important because too much water in the soil is as harmful as too little. 
Moist spots, mosses and flows, in particular, ought always to be drained because trees planted 
in wet spots are very liable to be blown down by wind later on and to leave a “ hole in the 
plantation which subsequent winds are likely to extend. Adequate fencing is another 
essential. Farm stock are bad foresters and above all rabbits must be excluded by wire 
netting, the meshes of which must not be wider than inches to be effective. Babbit 
netting is an expense rarely to be avoided in this country and forms part of the tax we have 
to pay for harbouTing these expensive forest and field pests. Needless to say all rabbits 
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must be destroyed within the fences before any planting is done and fences need to be 
patrolled periodically to prevent new runs being established. 

Babbits are not the only pests of the animal world. Hares do damage very similar 
to that occasioned by their smaller cousins ; mice and voles can be very destructive to 
young transplants ; squirrels, both red and grey, are mischievous, especially the former in 
pine plantations ; and if there are deer in the neighbourhood they constitute one more source 
of worry. Bird life very seldom interferes seriously and even woodpeckers can be tolerated. 
Foresters are beginning to think it of advantage to encourage birds in the woods on account 
of the vast numbers of insects they destroy, a good work in which all but very few species 
share at one season of the year or another. There is, however, no reason to encourage the 
wood-pigeon. The insect horde in the forest is legion. Many kinds are injurious to trees ; 
some are useful as predators on the harmful species and great numbers are harmless or 
nearly so. If insect attack develops it is best to seek advice or consult the text-books or the 
leaflets and bulletins published by the Forestry Commission. 

Some of the fungi are also inimical to tree growth. There is the well-known larch 
disease, also the heart and butt-rot fungi, bark and foliage blisters, and moulds, all of which 
kill or interfere with tree growth. A bark-blistering fungus now prevents the success- 
ful cultivation of the Weymouth pine in Great Britain. The choice of species is often bound 
up with the qxiestion of jiests and, again, for this reason the value of competent advice 
should not be disregarded. 

Perhaps the most serious risk of all to young plantations is the danger of fire. Pte- 
oaution cannot too urgently be stressed because plantations, conifer or hardwood, are so 
readily destroyed by burning and in dry weather, or after hard frost, the ground vegetation 
is usually in a highly inflammable state. Plantations are partioularl}’^ vulnerable from the 
time of planting until they have grown well beyond the thicket stage and their lower, dead 
branches have been shed or have been “ brashed ” off. Fires ought never to be lighted in 
or near a wood and if by ill fortune a fire does start all available man-power should turn 
out immediately to beat it out. Live branches make serviceable fire beaters and if water 
is available so much the better, wet sacks being effective weapons. In plantations of an>' 
extent fire-lines on which the vegetation is kept closely out should always be a feature of the 
lay-out. Fire-warning notices are useful ; forest fires, large and small, are generally the 
result of someone’s carelessness. 

Planting for shelter is often an important consideration to farmers and frequently adds 
much to the value of exposed grar^ing land. Plantations and l)elts designed prirnai^y for 
shelter are sited and laid out with reference to terrain and prevailing winds. The trees 
planted should be the strong rooting, wind-firm species, resistance to wind being a function 
of first importance in the case of shelter- belts. The species utilizi^ should also be those 
calculated to grow quickly. Attention to the nature of the soil, careful planting, drainage 
and fencing, also subsequent weedings, cleanings, and thinnings, are equally important in 
this, quite separate, branch of silviculture as they are in the forest. Prom the point of view 
of forestry proper, trees planted for shelter can seldom be profitable ; the principles involved 
are tacitly admitted in the Hill Farming Bill now before Parliament. On hillsides Soots, 
Cormcan or Austrian pines are reliable, beech and Austiian pine being particularly suitable 
for shelter purposes on chalk soils ; in districts of high rainfall and peaty soite Sitka spruce , 
which can with advantage be planted in mixture with Scots pine in many such localities^ 
and sometimes Norway spruce, will serve the purpose* Beech is a us^ul standby f<WP 
shelter in a vari^y of conditions, either pure or in mixture with oonifm, and, at lower al- 
titudes, Douglas fir, thuja or poplar quickly grow into effective screens. Planting for 
shelter cannot be too carefully planned and carried out* The work is usually in narrow 
belts, in positions of severe exposujm and often on soils that are silvicalturally pomr. The 
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key to fiuooefis lies largely in the choice of the right kind of tree and in seeing to it that each 
tree has a fair start in life. 

When and how to plant are alhimportant considerations. The planting season in Great 
Britain runs from October to May, except that in localities of low rainfall it is not wise to be 
in too great a hurry to begin or to carry on the work long after the middle of April. Weather 
conditions govern the duration of the season in any given year and planting should not be 
attempted in very dry periods ; it is also courting trouble to put in transplants if there is 
frost in the ground. The actual operation of planting is usually performed with a spade 
and there are numerous types of spades on the market that are suitable. The Mansfield 
spade is a good pattern. Transplants can be planted by means of the ‘‘ L ’’ or “ T 
notches or pits may be dug for the purpose. Where large transplants are used pit planting 
although more expensive is usually the surest method. Great care is required to ensure 
that the rootlets are spread in position as naturally as possible. Careless planters tend to 
leave the root systems doubled up in the notches or holes and trees so planted very seldom 
flourish. After insertion in the soil the transplants need to be firmed in position with the 
heel. A large part of the secret of successful planting is to secure good, well-rooted, 
nursery stock and never at any stage to allow the roots to bt^come dry. 

Plants purchased from the nursery trade are usually delivered in bundles and when 
received the bundles should lie untied and the plants heeled in in a sheltered spot until they 
are required for planting. Do not heel in the tied bundles. In a good transplant there 
should be balance between branch and root — sturdy transplant with suBicient roots 
speedily to resume their function in the forest soil and to compensate for moisture transpired 
by the foliage, is one that is calculated to live in its new surroundings where a drawn-up, 
sparsely rooted, specimen is as likely to die. It is usually of advantage to form a small 
nursery on the property in which 1 year or 2 year old seedlings can be lined out mitil they 
are fit for planting. By this moans it is always .possible to delay lifting the plants until 
they are wanted for planting out in the woods so that roots have no opportunity to become 
dry. Little bundles of seedlings travel without much risk where larger parcels of transplants 
for planting direct into the woods are apt to go wrong in transit in hot, dry or frosty weather. 
iSeedlings are also easy to raise from seed which is sown in drills or broadcast in prepared 
seed-beds much as garden seeds are sown, but not all private estates have the staff available 
to attend to seed-beds. Nursery ground must be kept clean and free from weeds. Seeds of 
tlie trees commonly used in British forestry can readily be purchased, or most of them are 
easy to (JoUect from any well-formed, vigorous, mother trees there may be in the neighbour- 
hood. Conifer seed is obtained by gathering tlie cones when ripe and subjecting them to 
moderate heat, not exceeding 100 ** Fahrenheit, in order to open the cone-scales for the 
release of the seeds. Pine and spruce cones open easily in this way but larch cones are more 
difficult to deal with. Douglas fir cones require to be colieoted before the end of September 
as they shed their seed naturally about that time ; most of the other cones can be gathered 
after the end of the yeai* but before the late winter’s sun begins to encourage them to open 
on the trees. Oak and beech mast are picked up from the ground beneath the mother trees 
in the autonm, while ash and sycamore aj*e easily gathered as they become ripe. Ash 
seed does not germinate freely in the first Spring after ripening on the trees. This peculiarity 
which is shared by hawthorn and some others, is overcome by stratifying,” that is to say 
mixing the seed with sand and burying the mixture until the following season when it may 
be sown in the ordinary way. Where there is any considerable area to be planted, a local 
imrsery can be made to reduce costs and the raising of young trees is an interesting business ; 
however, any reliable nurseryman will supply good, sound, planting stock and there is 
seldom difficulty in obiaming the common kinds of forest trees. 

Weeding has already been referred to and while the new plantation is becoming 
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established this operation must be thoroughly performed whenever weeds become trouble- 
some. The young trees are nob safe from weed competition until their leading shoots are 
free from surrounding growths ; it is also important, especially with the conifers, to allow 
their side branches ample room to develop and spread out in the earlier years of growth. 
As the plantation begins to close in and form canopy it is “ cleaned ” of intrusive growths, 
such as birch, sallow, thorn, briar and honeysuckle. Later when the struggle for light 
begins to become acute the trees must be thinned out periodically to allow for crown and 
stem development. The penalty for neglect of silvicultural thinning too often to be ob- 
served in British woodlands is a drawn-up, whippy, plantation, ill calculated to grow into 
useful timber. 

In a period of rising prices and increasing scarcity, foresters and farmers across the 
Atlantic Ocean are showing a growing appreciation of the farm “ wood-lot.*’ In Canada 
these farmer-owned woods are stated to account for no leas than 13 per cent, of the timl)er 
reserves of that vast and widely forested land. Nearer home in Scandinavia, Denmark 
and other countries where forestry is taken seriously, the farmer-owner of woodland is a 
factor of great importance in the maintenance^ of timber supply. The value of small 
areas of thriving woodland has also been thoroughly appreciated here in this country 
during the past seven years when timber for estate and farm re]^airs has been hard to come by. 
A strictly imposed Timber Control has throughout p(*rmitted the felling by owners up to 
1,000 cubic feet of timber per month for use on the property, and owners with resourcjes in 
growing timber have thus been in a much better position to maintain their estates than those 
who have been indifferent in past years to the i>rinoi])les for which forestry stands. 

Tolerance of hedgerow timber is a vexed question among agriculturalists. Mcxic^rn 
ley and arable fanning would make a clean sweep of all trees growing in the hedges, and 
even of the hedges themselves. The arguments in favour of action in this direction are too 
obvious not to be well known, but there are factors that sometimes escape attention. One 
of these is the destruction of nesting places for birds involved in the grubbing of hedges. 
By comparison with Continental countries we are well off for wild life bird in Great Britain 
and we avoid some of the worst of the insect pests to which the mainland of Europe is sub- 
ject. Any drastic discouragement of insect-eating birds mA-y well have its undesirable 
repercussions in this direction ; one of the things our bird friends must have is nesting 
places. 

The growing of trees in hedgerows appertains more to arboriculture than forestry but 
on lowland mixed farms hedgerow tre6?s often provide a useful reserve of timl)er to the 
farmer-owner as well as essential shelter for stock. Elm, ash and poplar are the most profit- 
able trees to grow in this way although all of them have wide-spreading, hungry roots. It 
is difficult, in the mind’s eye, to see England’s “ green and pleasant land” without its 
hedgerow trees which so readily replace themselves by suckers and tellers to yield timl)er 
and shelter with a minimum of attention. 

The outstanding considerations in regard to our national Forest Policy of to-day are 
that the fellings of the past thirty years, which have included many immature stands, have 
left us without resources of home-grown timber worthy of the name ; the urgent necessity 
therefore is to plant more trees. The Ministerial statement in the House of Commons of 
the 30th November, 1945, was to the effect that the Government were impressed with the 
necessity, as a safety measure, of re-building as quickly as possible our reserves of growing 
timber. It should be noted that the Forestry Act, 1945, which placed British forestry under 
theaegisof the Minister of Agriculture and Fisheries and the Secretary of State for Scotland, 
jointly and personally, did not bring the Forestry Commission under the control of thek 
Departments. Subject to Ministerial direction the Commissioners remain the sole Forest 
Authority for Great Britain. 
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The programme advanced by the Forestry Commission in 1943 aims at the establish- 
ment of 5 miUion acres of well-managed forests and woods within 50 years and their programme 
for the first decade is one of replanting and afforestation to the extent of 1,100,000 acres 
with the recommendation that Forest Policy should be reviewed at ten year intervals and 
the current programme every five years or so. The Government, for reasons that are clear, 
could not be committed to acceptance, in full, of these long-term proposals but have made 
funds available for a first 5 years’ quota of the Commissioners’ 50 year plan, indicating also 
the hopt^ that private owners of land will play a full part in the heavy task. 

The Forestry Commission’s Scheme for the Dedication of woods to the purpose of 
growing timber as a first consideration has also received Ministerial sanction. The purj^ose 
of tills Scheme is to encourage the apjilication of systematic management to private wood- 
lands. The fundamental principles underlying 3>edication are that, for national security, 
the woods must be put into productive order as rapidly as possible ; that landowners who 
are pre])ared to play their part, and are able to give satisfactory assurances, are deserving 
of financial assistance from public funds ; and that some degree of silvicultural control 
over })rivate forestry is required. In fact the basis of the Scheme is that all woodland 
judged to Iw suitable and necessary, in the public interest, for the growth of timber should 
utilized (i.c., Dedicated) to that jmrpose or acquired by the State. The agreement to 
Ih^iicate jirovidos for arbitration in the event of disagreement and obliges the owner to use 
the land for timber jiroduction as the main object, to work to a Plan, to employ skilled 
sujH^r vision and to keep adequate accounts. Meanwhile in return the State proposes to 
repay 2»5 per cent, of the approved net annual expenditure so long as the woods are not self- 
Hupfiorting or to pay an ad hoc Planting Grant of £10 per acre for every acre planted or 
replanted with forest tro(»8, together with a Maintenance Grant of 3s. 4d. per acre per annum 
for 15 years for all woods Dedicatf^d and properly planted and maintained. Loans at a low 
rate of inti^rest are also offered in addition to these cash Grants. Particulars of the mone- 
tary aid available can be obtained from the Secretary to the Forestry Commissioners. 
Assistance is also offered by way of technical advice by duly appointed forest officers in the 
(brnmission’s Service, and provision is being made for increasing facilities for forestry 
txiuoation and training, and research into all branches of silvicultural work, including the 
utilization of timber and markets. 

In the adojition of a national Forest Policy in 1919, wiiicli is now expanded and re- 
confirmed, the Government of that day was following well behind most of the European 
and other governments of the world, by whom the vital importance of forestry had long 
jireviously been recognized. It is realised now, almost universally, that Forest Policy 
involving as it does continuous long-term planning is a matter for which only the State can 
properly undertake responsibility, but to bring the approved plans to fruition, and to render 
us, in Great Britain, secure against the hardships of a timber famine in time of emergency, 
and from the gradual contraction of visible sources of world timber supply, the help of 
everyone who may be interested in foK'^try is a thing earnestly to bo desired. 

We cannot afford to \>e complaisant either as a nation or as individuals. Wood is 
essential to our comfort and science and industry are finding more and more uses for this 
most useful natural product. Moreover it is be 3 "ond dispute that the world’s forests are 
growing less and less under the ceaseless inroads of commercial exploitation and the all too 
frequent and wasteful forest fires. 

The truth is that not enough trees are being grown to promise satisfaction of every- 
one’s future needs ; not only ourselves but others on both sides of the Atlantic Ocean will 
have to plant and protect forests with a greater degree of forethought and assiduity than in 
the past. 

Forests and woods down to the very smallest spinneys are producers of wealth. They 
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supply a commodity we eaimot do without and cannot otherwise produce, create new 
employment, and do much to add to the beauty of the countryside. On all counts judicious 
planting is a great creative work ; there is also joy in making things grow. 

There is a final consideration which we, as a Nation, ought not to overlook. This lies 
in the wide possibilities opened up by the planting of trees in woods and forests for the per* 
manent settlement of more families on the land. Planting creates local expansions of rural 
employment in the forests and by the attraction of wood working industries, which assuredly 
will spring up wherever new plantings are able to afford a constant supply of raw material. 
Past experience teaches that no potential means of regular wage-eaniing can safely be 
ignored — ^no-one can wish for a recurrence of the bad old pre-war days of widespread un- 
employment which circumstances may yet again bring about if production of primary 
commodities from the land is neglected. And one of these primary products is wood. The 
present scarcity of labour from which many industries are suffering is a temporary phase. 
To bring more labour to country districts on a firm basis of regular earnings can hardly fail 
to be of advantage from every point of view. It is a further point that there is seasonal 
work in the fields from time to time, haytime and harvest are the usually quoted instances 
and there are others, when more men are wanted. Some of the operations of silviculture 
can likewise be regarded as seasonal. In this forestry and agriculture can be made to dove- 
tail together surprisingly well and where theie is an established forest, men permanently 
engaged therein as forest workers can at times be spared to assist farmers in periods of neecl. 
Vice versa men temporarily redundant on the farms can often be offered work in the neigh- 
bouring forest. Actually, as elsewhere, the rural economy of this country is incomplete 
unless forestry and home-grown forest products play a due part. The earlier adoption of 
a long-term National Forest Policy with its stimulating repercussions on estate and farm 
forestry would have helped to stay the depopulation of the countryside which all country- 
men deplore, and which is still a disturbing feature of the more remote parts of our Island. 


Forestky Commission, 

25, S A VILE Kow, 

London, 


W. L. TAYLOR. 
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EIXCnUClTT ON THE FJUtM 

lOTKOuuarioN. 

Electricitv supply began as a lighting service for towns. The industrial experience 
gained in the 1914-1918 war emphasised its value to commerce as a source of energy and 
power. Not, however, until the late ' 20’8 or early ‘ 30*s was it apjueciated that farming 
could juovide a useful commercial load. The early legislation, beginning with the Elect- 
ricity Act of 1882, was designed to direct responsibility for supply and distribution into the 
hands of public and local authorities. The consequence is that, wherever there is appreciable 
density of population, there generally the electricity supply will be found under the control 
of the local authoril.y. Local authorities, with a few exceptions, have shown little interest 
in taking electricity to the countryside, and have been content to leave the problem to 
commercial undertakings who now distribute current for general purposes over an area, 
mostly rural or semi-rural, of 70,000 square miles with a population of 19^ millions, whereas 
public authorities serve 27 millions in an area of 18,500 square mOes. 

To secure the rights of distribution in any area a Supply Undertaking requires statutory 
authority, which is usually granted by Act of Parliament or Electricity Order. Any such 
Act or Order giving powers of Supply to a Company generally stipulates that after a given 
number of years the aj)propriate local authority within the area of 8up})ly so alloc;ated may 
take over the Company’s mains, etc. on paying the “ then value ” of the usable asset*. 
The gimeral effect of such legislation has b^n to make rural development more difficult. 
Powers have been conferred, however, on about twenty Companies, to supply electrical 
powt^r in bulk to other authorised suppliers and to heavy industrial conceins, and these 
powders are held by the Companies in perpetuity. It is these and other companies who have 
been largely res])onsible for taking electricitj^ to the rural areas. 

RURAL DEVELOPMENT. 

As comparwl with urban, rural development is expensive and requires at least 50% more 
capital ])er (jonsumor. In the seven or eight years immediately preceding the recent war, 
Companies were able to attract sufficient capit*.! to their entor])rises to enable substantial 
progress to he made. During the last seven years the war put a severe brake on develop- 
ments, but created a widespread api)reciation of the benefits that electricity can confer on 
agriculture, as well as a groat improvement in the economic position of the rural community 
dependent upon farming. The demand for electricity to-day is consequently very high 
and were it not for the general scarcity of materials, particularly wooden poles, compre- 
hensive schemes of electricity supply, already planned, would now be proceeding very 
rapidly in the rural areas. 


THE GRID. 

Ill this country, electricity is generated from coal, though a few large generating stations 
in Scotland and Wales are operated by water power. All the main generating stations 
in Great Britain— there are approximately 140 of them — are linked together by what is 
known as the Grid. The establishment of the Grid led to great economies in plant required 
for generation. It also ensured that behind any area there was always a supply of electricity 
to meet the demand. Though the ownership and operation of generating stations is in the 
hands of both public authorities and commercial undertakings, the work of the Grid system 
is co-ordinated by the Central Electricity Board (C.E.B),who purchase all the electricity 



Ifi2 EledricUy on the Farm, 

generated and who, in turn, re-sell it to all public and private supply authorities for retail 
distribution. 

Alternating Current (A.C.) is now almost universal. The remaining Direct Current 
(D.C.) systems \idll be converted to A.C. as rapidly as possible. 

Electricity leaves the generator usually at a pressure of 11,000 volts and enters the 
Grid through a stepping-up station which increases the voltage in the primary circuit lint«^ 
to 132,000 volts, the normal pressure at which electricity is carried throughout the Grid 
system. The Grid lines are carried on the now familiar steel pylons and are quite easily 
distinguishable from the normal rural supply lines which are carried on wooden poles. 

HIGH VOLTAGE SYSTEM. 

In order to supply an area with electricity a Supply Undertaking must first of all tap 
the Grid tlirough a C.E.B. substation, the cost of which may be as high s £150,000. It is 
because of this enormous expense of reducing the pressure that a farm cannot be supplied 
directly from the Grid, At the substation the pressure is reduced from 132,000 to 11,000 
volts, which is the normal pressure at which electricity is distributed throughout the country 
areas. The 8uj)ply- - usually referred to as High Voltage (H.V.) supply — is carried from 
the substation, at a pressure of 1 1,000 volts, to the larger centres of population and villages, 
and as the network of the Undertaking increases the service is thrown out to the more and 
more sparsely-populated districts. 

In planning the routes for the H.V^. lines, it is the Supply Engmeer's aim to erect his 
mains in rings.” This method ensures that if a fault develops at any point on the line 
inconvenience is caused to the minimum number of consumers. Almost all H.V. disiiribution 
lines in rural areas are carried overhead, on poles, as against underground in uiban areas. 
Overhead distribution is much less expensive and makes rural electrification economically 
possible, but it is much more vulnerable to damage by electrical storms, ice, snow and out- 
side agencies. Damage is frequently caused by siting unthatohed straw stacks on the 
prevailing windward side of a H.V. line. 

LOW VOLTAGE SYSTEM. , 

Before electricity can be used for commercial or domestic purposes it has to be con- 
verted or “ transformed ” from high to low voltage (L.V.). A transformer, wliich looks 
like a small steel tank, is normally affixed to one of the poles carrying the high voltage lines 
but it may be on the ground. 

There is a limit to the distance which low voltage electricity will flow from the trans- 
former and do effective work. For all practical purposes it may be taken that the limit is 
half-a-mile. It often happens that for this reason a farm lying just outside a village which 
is supplied by electricity cannot itself be supplied by the village low voltage system, but 
requires an extension of the high voltage line and a transformer all to itself. 

THREE-PHASE AND SINGLE-PHASE. 

The costs of electricity distribution vary considerably in different areas, and are greatly 
affected if the H.V. lines have to cross over or under a railway, a main road, or telephone 
lines, etc. An important factor governing costs is also the type of distribution, which may 
be either three-phase or single-phase. A S-phase supply is carried on three wires on the 
H.V. system and fom* wires on low voltage. Single-phase requires only two wires for H.V. 
or L.V. ; though sometimes a 3-wire low voltage system is used. As the amount of wire, 
and the number of insulators, etc., is so much less, and the transformer for a single-phaae 
system is also cheaper, it follows that a good deal of rural eleotrificatiem has been done on 
the single-phase system. For aU practical farming purposes a single-phase system will do 
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everything that S-phase will do. In fact, it is really only considerations of electrical engin- 
eering, rather than of farming, which determine whether a particular system should be 3- 
phase or single-phase. The one practical disadvantage is that single-phase motors are more 
expensive than 3-phase. 

COST OF FARM CONNECTIONS. 

In the ordinary course of distribution, H.V. lines carrying electricity to small towns 
and villages naturally pass many farms which can be easily and cheaply supplied. Any 
farm that lies within the village L. V. supidy area can also be connected without any serious 
expense. Under any system of distribution, however, there will always be a substantial 
number of farms remote^ from the village areas and from the route of main transmission 
lines. These are the farms that constitute the real problem of farm electrification. Many 
of them are small and can offer only a very small annual revenue. Consequently, a Supply 
Undertaking may not always be able to justify the high capital outlay necessary to supply 
them. If a farm lies half-a-mile from the main transmission line, the present-day approx- 
imate cost of a single -})hase connection will be £250 for the H.V. line extension and £150 
for the transformer, switchgear, etc., making a total outlay of about £400. To justify on 
economic grounds a caj)ital outlay of £400 to connect only one consumer the Undertaking 
would require a gioss annual return of round about £80. If the farmer could guarantee for 
a jieriod of not less than five years that he would consume current which would give the 
Undertaking a ren^enue of £80 pi^r year, then the farm would be connected at no capital cost 
to him. The Supply Undertaking much prefers that a farmer should spend his capital 
on electrical equipment for his farm so as to make the maximum use of the supply, 
with maximum advantage to himself, rather than to take only a limited supply and 
contribute towards the ea])ital coat. 

But suj){)osing his requirements for current would only provide a revenui^ of £40 per 
amium, then the Undertaking would find at least £200 of the capital and the farmer or his 
landlord might be ex})ected to find tlie rest. That is to say the cost of providing the line 
becomes a rc'sponsibility for both farmer and Supply Undertaking, but its maintenance and 
renewal are matters for the latter only. It is on general principles such as these that the 
amount of the capital contribution, if any, requirtxl from the farmer is based. 

In the hypothetical case given above the £80 gross annual revenue w ould be a jiportioned 
by the Supply Undertaking as follows : — 

Cost of current (payable to C.E.B.) 

Depreciation at 4% 

Interest on Capital at 3|% 

Wages, Salaries, Rentals, Rates, Taxes, General 
Maintenance, etc 

£80 


say £40 

£10 

£14 

say ... ... £10 


Capital contributions are only required where the gross revenue offered by the farm 
will not justify the outlaj^ of capital involved, and where the farm cannot be included in a 
comprehensive and self-supporting scheme of electrification. 

INCOME TAX ACT, 1945. 

In addition to any capital contribution which the tenant or owner may have to pay 
towards the cost of tiie connection the cost of internal wiring and equipment has also to be 
met* Special relief on capital expenditure of this nature is provided for in the above Act. 
Provided that all ooxiditions for rehef of tax as set out in the Act are fulfilled, one-tenth of 
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the amount of qualifying expenditure will be allowed in each of the ten years following the 
year in which the expenditure was incurred. 

RUNNING COSTS. 

Electricity is normally sold on a “ two-part tariff.’’ One part of the tariff is a “ unit ” 
charge, usually not more than a penny in rural areas. The other part is a standing or fixed 
charge, which is usually based on the superficial floor area of the house and farm buildings. 
The idea of the fixed charge is to enable the Supply Undertaking to keep the “ unit ” price 
low and to encourage the consumer to make full use of the supply. In calculating running 
costs it is customary to think only in terms of the unit, which is the name given to a specified 
quantity of electricitj^ and is known technically as a kilowatt hour (kWh.). A kilowatt 
is a thousand watts. Suppose an appliance, say an electric fire, has a loading of one kilo- 
watt, then a unit, i.e., one kilowatt hour, is the amount of electricity which would be 
consumed if that fire were kept alight for an hour ; that is, a pennyworth, on the assumption 
of 1 d . per unit charge. The cost of lighting can be calculated in the same way. For examjile , 
a unit will keep ten 100-watt lamps burning for «n hour, or one 100- watt lamp for ten hours. 

For power uses it will suffice, for rough calculations, to take one kilowatt as cquivalent- 
to 1 h.p. To bo more precise one kilowatt is equivalent to 1 J h.p. At a penny per unit a 
1 h.p. motor will run for one hour for one penny^ A 3 h.p. motor will require 3d. per hour. 
In this connection, however, it should be remembered that an electric motor will only 
consume current according to the amount of work it is required to do. For example, if a 
5 h.p. motor is running and only doing the job of 3 h.p. it will consume electricity at the 
lower rate, t.e., 3 h.p. 

MAXIMUM DEMAND, 

When the terms for a farm are fixed they are usually based on the assumption that at no 
particular time will the demand exceed a stated number of kilowatts. The type of instal- 
lation is based on this assumption, plus of course, a margin for safety and reasonable exten- 
sion. If, later on, it is requii*ed substantially to exceed this maximum, notice must be 
given to the Supply Authority who may fit a ‘‘ changeover switch ” which prevents two or 
more high consumption machines operating at the same tim6 ; or alternatively fit a bigger 
transformer which will enable the higher load to be delivered without inconvenience to other 
consumers. For water lieating, sterilising, pumping, etc., farmers can frequently have the 
benefit of the cheaper terms quoted for an off peak ” load by carrying out these operations 
only during the night or at periods dut*ing the day when the demand for current is not high, 

INSTALLATION. 

An Undertaking’s “ Supply ” responsibility ends at the meter, that is, at the point at 
which the internal wiring begins. At that point competitive prices for wiring, equipment, 
etc., can be invited. It is important to invite tenders for wiring only from reputable and 
experienced firms who can be relied upon to use the best and most reliable materials. It 
is advisable also to buy apparatus made by manufacturers who specialise in electrical equip- 
ment, and through agents who understand thoroughly the purpose for which the equip- 
ment is to be used. Failure to observe these obvious precautions has led to many disappoint- 
ments and sometimes to accidents. 

APPLICATIONS. 

The great merits of electricity are its convenience and adaptability, but to get the best 
results from it the farmer may have to be prepared to modify or even disoard traditional 
methods. For example, in lighting farm buildings it is foolish to imitate the stcurm lantern, 
and hang an electric bulb from a beam where it will merely iQuminate a cow’s baok. 
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Electricity gives the opportunity of doing bani work automatically with low-powered 
motors, and of disjfiensing with much supervisory labour. It also makes it possible to dispense 
with pulleys and shafting. An electric motor can be placed on the floor, under the floor, 
or on the wall. It will work upside down. 

All that electricity does is to provide the energy to operate any piece of apparatus 
It is a form of energy or heat to be used only with equipment which has been properly 
designed. If the apparatus is unsatisfactory or not properly managed it is manifestly un- 
fair to lay the blame on the electricity supply. 

Most responsible Supply Undertakings have now on their staffs specialists who are 
oom}>etent to give the best advice available, not only on the equipment best suited for any 
|)articular job, but on how a building should be modified or designed to suit electric power. 
No doubt in due course there will also be on the staff of the National Agricultural Advisory 
Service advisers who can give advice in a general w^ay on the subject. 

The uses to which electricity can be put on the farm are so numerous and varied that it 
is not ][>o8sible within the scope of an article of this character to do more than review some of 
the chief uses to which it is now being put, and to indicate some possible extensions in the 
future. 

Lighting, 

Tlie importance of obtaining the greatest benefit from electric light cannot be exagge- 
rated. As in the factory, so on the farm the aim should always be to light the “job.’' 
This is particularly obvious in the cowshed where it is essential that the cow’s hindquarters 
and udder should not be in shadow but fully illuminated. 

In a cowshed with a single row of standings, good lighting may be obtained by placing 
bulbs of not less than 60 watts in bulkliead fittings every 10 ft. 6 in. along the wall behind 
the cows and about 7-ft. above floor level. The fittings should be mounted at an angle on 
the wall to ensure that the light is directed on to the cows* hindquarters. 

In sheds with a double row of standings with cows tail to tail, good lighting can be got 
from a centre line of 1(X) watt bulbs hanging from the girders or roof principals. 

Where really exceptional illumination is required, 5-ft. lengths of shadowless fluores- 
cent tube lamps will give a wonderful white light. Per unit of candle power given out the 
consumption of current by this type of lamp is much less than for the ordinary metallic 
filament type of bulb, but the initial cost of the fitting is comparatively heaw, and this 
device can hardly yet be recommended as a standard or general form of cowshed lighting. 

In buildings such as bams, workshops, etc., where angle bulkhead fittings would not 
ordinarily be used all lights should be fitted with adequate reflectors which are quite in- 
expensive and make all the difference to the efficiency of the bulbs. Lights in outside yards, 
particularly those required for the assembly of milking cattle, may be controlled by a 
master switch in the farmhouse. 

Ifo^er Supply, 

The Farm Survey conducted in 1941/42 by the Ministry of Agriculture has shown that 
the percentage of farms connected to piped supplies of main water is not high. Electric power 
properly applied to a static supply of water can give to the farm all the advantages of a 
“ mains ” supply and generally at a lower cost. The type of installation will depend upon 
the nature of the supply available and the farm's requirements for water. The two main 
systems of supply are the gravity and the automatic pressure systems. 

The gravity system involves the erection of a tank of sufficient storage capacity either 
on a platform or at some high point from where distribution by gravity to any part of the 
farm can easily be arranged. The method of pumping will depend on depth of the well 
and the height to which the water has to be raised. Where the water level is not more 
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than 25-ft. below the surface a shallow well pump mounted on a platform at ground level 
will probably suffice. Where the well is over 25-ft. deep a deep well pump must be fitted. 
This can either be of the submersible type, whore both motor and pump are submerged 
below the level of the water in the well, or a well-head gear rod-operated pump. Naturally, 
much of the success of the system will depend upon the efficiency of the pump installed, and 
expert advice should always he sought. Pumping can be automatically controlled by using 
a float switch, which is operated by the rise and fall of the water in the storage tank. This 
switches off the x)ump motor when the tank is nearly full and switches it on again when the 
level of the water falls. 

The pressure s^’^stem consists of an electric motor-driven pump connected to an en- 
closed tank from which the various i)ipe rims are taken. It is not possible to compress 
water, but by pumping water into an air-tight tank air can be compressed to a pre-determined 
pressure at which the electric motor operating the water pump automatically cuts out. 
Water can be delivered under pressure to any point in the system. When the air pressure 
in the tank falls to a pre-determined amount the motor automatically “ cuts in.’* The tank 
need only bo quite small. One hundred gallons wxmld be ample capacity for quite a large 
dairy herd. This system will give all the benefits of a mains water supply and will ensure 
water being delivered at a pressure that will be sufficient for swilling out cowsheds and 
dairies, and washing farm vehicles. The disadvantage is that in the event of electricity 
failure there may not be sufficient storage of water to meet normal demands. Electricity 
supply is, however, so reliable that the risk of shortage of water duo to its failure is remote. 

It is possible to combine both the gravity and the pressure system without erecting an 
expensive storage tank and at the same time ensuring a sufficient reserve of water. Such 
a system is in operation at the Reading University farm, Sonning. A pump delivers water 
from a well to an indoor tank 8-ft. above ground level. An automatic pressures tank set is 
fed from this tank, and delivers a high pleasure supply. If the electric cuiTent fails the high 
pressure set is cut out and the supply is then obtained direct from the tank at low pressure. 

Where field drinking troughs are connected to a pressure system delayc^d action ball 
valves should be fitted in the troughs to prevent frequent cutting in and cutting out of the 
electric motor. * 

Any system of farm water sujjply will rarely require an electric motor exceeding 1-h.p. 

Milking. 

During the past few years, the demand for milking machines has grown enormously and 
will ])robab)y continue. Electricity has many advantages in providing the energy requirexl 
to operate them. The motor is easily started and maintained ; it is clean, noiseless, odour- 
less and is adaptable for fitting under almost any set of conditions. One disadvantage is 
the risk of current failing at milking time, but that risk is less than that of mechanical break- 
down of some other form of power. The motor required will vary between |-h.p. and 2-h.p. 
according to the size of the milking plant, and will consume from 15 to 40 units per cow per 
year. 

Mechanical Cooling, 

On many farms it is pretty well impossible to cool milk to a sufficiently low temperature 
in summer by relying solely on the ordinary water supply. There is a high potential demand 
for an efficient and cheap method of mechanical cooling. The equipment at present 
available is costly. The possibility of evolving a cheaper method of mechanical cooling 
is being studied by the engineer, but there is as yet no early promise of a satisfactory solution. 

Some knowledge of what refrigeration involves is necessary to appreciate the problem. 
The principle depends on the latent heat of vaporisation of a liquid, and on the use of a 
liquid which will vaporise at a comparatively low temperature. The liquid when vaporised 
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by thtt heat of the milk running over the cooler must be compressed, condensed and re- 
circulated. The apparatus cannot therefore be simple or cheap. 

At present the chief methods of applying the above principles to mechanical cooling 
are by : — 

(1) Direct Expansion, where the refrigerant, which absorbs the heat from the milk, 
expands inside the cooler, and : 

(2) Brine Circulation, where pre-cooled brine is circulated through the lower half of 
the cooler. 

For either method electricity is the most convenient form of power for operating the 
compressor and pumps. 

Costs of Mechanical Cooling, 

The difficulty in the way of an extension of mechanical cooling is the capital outlay on 
equipment, and not running cost, which from the point of view of electricity consumption 
is very low. Figures published by the Ministr}^ of Agriculture show that the consumption 
for running compressor plants ranged from l/40th to l/20th unit jx^r gallon of milk cooled 
where the first stage of cooling was by water. On this basis a 30-cow dairy, averaging 60 
gallons })er day, would not consume more than 3 units, with a running cost of 3d. jxjr day. 

Sterilisation of Dairy Utensils. 

Electricity is both a convenient and economical method of raising steam in the dairy 
for the sterilisation of utensils. There must, however, be no waste of steam. No more 
steam should be raised than is necessary to do the actual job and that can be calculated. 
High working pressuies are quite unnecessary. All that is needed is a boiler with sufficient 
evaporative capacity t a term which can bo defined as ‘‘the weight of water in pounds 
transformcxl into steam in one hour.’^ Most equipment for milk production at present on 
the market ma\' be adequately sterilised by steam supply at a gauge pressure of up to 2-lb. 
|>er square inch, but only when the rate of delivery is continuous and the volume adequate. 
All electrical steam raising equipment ha.s l)een designed accordingly. Steam can be raised 
electrically in several ways. 

Self-Contained Chests. 

Where hand milking is practised, or where a bucket type of machine is used, and there 
are no milk pipe lines to be sterilised, an electrically hoatfxl sterilising chest or “electric 
steriliser,’’ as it is commonly named, will give entirely .satisfactory results. The size of the 
chest re(|uired will depend upon the size of the herd, and whether or not milk is bottled on 
the farm. The bigger the chest the bigger will be the loading of the water heating unit. 
The following table is given as a guide. 


Capacity 

Cu. Ft. 

Loading 

kW 

No. of 

Cows 

Cost of Steaming 
per hour at Id. per unit. 

16 

3 

16 to 20 

3d. 

19 

4 

26 „ 30 

4d. 

27 

6 

30 „ 60 

6d. 

48 

9 

60 „ 70 

9d. 


The uidt comprises a cabinet or chest fitted with a front door : it has thermal lagging 
or cavity walls to prevent loss of heat. The steam generator is a separate unit built into 
the bottom of the chest. Sometimes it is built into the side, but that is rather less 
convenient. A short steam line connects the steam raiser to the interior of the chest. 

There have been in the past disappointments from the burning out of the heating 
elements, but that difficulty has now been overcome. Modem chests have safety type 
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heating elements which automatically “ cut out when either a failure of the ball-valve or 
the water supply itself results in an uncovering of the elements. Inlet ball- valves may 
tend to stick if the water supply is hard or if the instructions of the manufacturers of the 
chest have not been observed. A water softener would provide the complete answer to this 
problem, provided the capital outlay was not too high. To avoid ball inlet valve trouble 
cheat makers recommend adding for each hour’s operation a tea-sjK)onful of special water 
softening solution through the steam inlet pipe of the chest. They also recommend that 
the heating tank should l>e flushed out at intervals of not more than one week. A self- 
contained chest can also be fitted with an outside steaming line, leading to a steam stool for 
churn sterilisation and to a line over the wash troughs for sterilising the rubber pil>es and 
teat cup assemblies of milking machines. 

Steam should be up ” within a few minutes of switching on.” The whole operation 
from switching on to switching off should not occupy more than one hour. A self-contained 
chest can, of course, be placed in the dairy. It does not require a separate building. A 
27 cu. ft. chest will occupy a floor space of about 3-ft. 6 in. square and can usually be fitted 
conveniently into some corner of the dairy. 

Steam Baisers. 

Electric boilers of a larger evaporative capacity are necessary where releaser or combined 
recorder milking plants are in use. A 3-point auto milk recorder requires a boiler capable 
of delivering 1-lb. of steam per minute or 60-lb. per hour. A small boiler of say 40 lb. 
evaporative capacity would be capable of sterilising a 3- point “ auto recorder but the 
process would naturally take longer. 

Steam raisers are of two main types — the immersion heater ty[)e and the electrode 
type. 

Immersion. Uenter Steam Raiser. 

In this type the heMing element is insulated and encased in a metal sheath. The 
whole is inserted inside the water compartment exactly fiB for a self-contained sterilising 
chest. The loading will dej)end on the amount of steam required ]>er hour of operation but 
will usually be somewhere between 9 kW. and 20 kW. ♦ 

Electrode Steam Raiser. 

In this type heat is generated directly in tlie water by electricity passing through the 
water l)etween the electrodes which consist of short iron pipes. This affords a relatively 
simple construction and a compact outfit. There is nothing which can burn out and the 
cost of servicing and renewals is low. For technical reasons, however, they are not available 
in the lower ranges of steaming capacity and for dairy farm use are available in loadings of 
about 20 kW. The electrode system is not suitable to all types of water supply and expert 
advice should always be sought from the Supply Undertaking before deciding to buy. 

Whether steam is raised by immersion heater, or by electrode, the boiler is a separate 
unit and does not form a part of the cabinet as is the case with the self-contained chest. 
Steam raisers, like the self-contained chest, can be housed in the dairy. Ecjonomy of space, 
can, therefore, be effected either where a new dairy is being planned or where alterations 
are contemplated to existing buildings. 

Water Heating. 

The normal method of heating water in a dairy with the ordinary fuel fired type of 
boiler is to inject steam from the boiler direct into a trough of cold water. The same method 
can be imitated, and unfortunately, is practised, where electric steam raising equipment k 
available. A certain amount of hot water can also of course be drawn from the boiler. Either 
method is clumsy and does not make full use of the automatic properties which a supply of 
electricity affords. 



EleeiricUy on the Farm. 


m 


HbB neatest aud most satisfactory way of providing a constant hot water supply is by 
installing an electric storage water heater. this method water is heated in a thermo- 
statically controlled and lagged heater, a tyjje of equipment frequently seen in domestic use. 
Provided the storage heater is of ample capacity hot water will always be on tap. The 
thermostat can be set to any required temperature. 

For a wash hand basin 1^ gallon capacity is sufficient but for general use in the dairy 
the capacity of the heater will be governed by the size of the herd. A 100-gallon heater might 
be required for a really large herd. The local electricity supply engineer will be able to ad- 
vise on the capacity required to meet the needs of any individual case. Very often these 
storage wat3r heaters are given a '' domestic '' finish, with beautiful white enamel casings. 
These are not necessary in the ordinary dairy. A practical electrical engineer ought to be 
able to arrange for the thermal lagging of some inexpensive tank suited to local conditionB 
and so keep down capital outlay. The running costs of a storage water heater are low. 
The load is one which is popular with electricity supply undertakings. It gives them an 
opportunity of offering a special tariff. A normal Id. rate might be expected to fall to 
|d. per unit. As a rough guide to electricity consumption it can be taken that one unit 
will provide 3 gallons of hot water at 170 ®F. 

The Bam. 

According to all reliable forecasts, farming in Britain for some years will have to 
maintain a “ self-sufficiency policy which will demand a considerable acreage of arable 
crops with consequent grinding, preparation and mixing of food in the barn. 

Where electricity is not available it is usual to find in farm buildings a stationary engine 
of some sort turning a line of shafting with belt and pulley take offs to a crushing or grinding 
unit, a cake breaker, a chaff cutter, a root puljier, etc. Where a fixed engine is not available 
then the shafting may be driven by a farm tractor; brought, often at great inconvenience, 
to the barn sj)ecially for the purpose. Labour has always to be in attendance to supervise 
engine and machine. 

Where electricity' is available each machine can be driven direct by its own motor, i.e., 
the unit drive principle. More and more farmers are turning to that method. Its 
advantagt^ are obvious, but where capital outlay has to be carefull}^ watched there is no 
reason why an electric motor should not he coupled to more than one machine. It would 
be waste of current, however, to have a motor turning a Jong line of shafting to ojx^rate only 
one machine. 

The Electricity Supply Engineer, in designing a power layout foi‘ a farm, is always 
anxious to seciure an even spread of his load over the day. For example, he would much 
prefer to instal a machine with a 1 h.p. motor which would have to run 20 hours a day than 
a 20 h.p. motor which would only have to run one hour a day. That is a simple economic 
consideration which applies to most forms of business. 

The Engineer has, therefore, gone to considerable pains to design a grinding unit which 
will satisfy his conditions of supply and the farmers’ requirements. A small hammer mill 
is one result of his work. The mill is designed to grind cereals, peas, beans, etc., either 
separately, or mixed, to any desired grist. It is very efficient for tiie production of meal for 
stock as normally required on the farm, and has a capacity of from 10 to 16 bushels per 
hour. It is not designed for grinding roughage and straw, the desirability of which in any 
case may be questioned on nutriti<mal grounds. 

73ie unit consists of a mill with suction feed, bedplate and fan. The ground meal is 
blown through overh^ pip^ to cyclone or storage bins placed at any convenient point 
within 30 feet ol the grinds. The standard unit normally indudes a built-in 3 h.p. electric 
motor witb a V-Belt drive to the mill. With continuous com supply from an overhead 
fain^ aa eteotrio cut-off switch can be fitted into the hopp^ to shut down the plant auto- 
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maticaUy as soon as the supply of corn is exhausted. Supervisory labour is, therefore, 
unnecessary after the plant is once started, and it can be left running, even all night, un- 
attended. The motor and unit combined looks a toy, but if it is a pigmy amongst machmes 
it does the work of a giant . 

Ideally corn should be hoisted to an overhead granary and there fed into a bin or hopper 
which will discharge by gravity into the mill on the floor below. The mill and hopper can, 
however, be fitted quite conveniently into a single-storied building. 

The collection of meal is by cyclone which separates the meal from the air. delivering 
the meal into a bin, or into a sack or on to the bam floor. Alternatively, the meal can be 
blown direct into an enclosed bin provided there is adequate escajx^ for the aii to a cloth 
balloon or other filtering device. Two-way valves can be fitted in the pipe runs to allow' of 
delivery into any one of a number of bins or to a cyclone as desired. The meal storage bin 
can be arranged to feed by gravity into a mechanical food mixer, and the whole process from 
grinding to mixing can be operated automatically. 

Some farmers feel that the output is so small — the maximum is about 4 cwts. per hour 
— ^that they insist on having a larger unit. This may sometimes be justified, but there are 
remarkably few conditions that the 3 h.p. unit will not satisfy when it is remembered that : — 
(a) the whole operation can be automatically controlled, (6) the motor and mill can run for 
many hours without supervision, (c) meal is better for being freshly ground and not stored 
for an appreciable time. 

Threshing. 

Where corn stacks are built or are scattered all over a farm elec^tricity has not much 
scope as power for threshing. Where, however, corn sheaves are stored in a Dutch bam or 
are stacked in a yard it is quite simple to arrange a number of suitable outside plugs to which 
a motor can be connected. Generally speaking, transportable motors are not to be recom- 
mended for farm use, but an exception has to be made for threshing. The same motor could 
also very conveniently be used to drive a circular saw. 

Where threshing machines are built in,’^ as they are in Scotland, electricity is an ideal 
form of power. If applied to all the auxiliary operations such as self -fetter straw-carrier, 
elevator or corn conveyor, etc., the labour requircMi for threshing can be limited to one or two 
men. 

drain Drying. 

The stimulus given by war conditions to grain diying has resulted in an increased 
demand for electricity to supply the power to drive elevators, fans, cleaning machinery, 
etc., associated with grain drying plants. Where current is available the whole installation 
can be driven as one unit by a high horse-powered electric motor. Most modern installations 
however, provide separate electric motors for fans, conveyors and cleaners. It is un- 
economical to drive the whole plant if only one operation requires to be done, e.g., pre- 
drying storage or final cleaning. 

In corn drying accurate temperature control is essential. As electricity can provide 
complete thermostatic control, and other advantages, plants are now Iniing installed using 
electricity for heating as well as for power. This can be done either by converting a solid 
fuelled type drier or by using a machine specially designed, and suitable only, for electricity. 
The latter promises to be the more economical in running costs. Thei'e are a number of 
successful conversions of coke-fired grain driers to electric heating. In some the banks of 
electric heaters are controlled by thermostat and in others by a combination of hand control 
and thermostat. This makes possible a wide range of temperatures which can be maintained 
within very narrow limits. 

Although the cost of drying a ton of com is higher than with solid fuel, aoeurate 
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temperature control, and the ability to run at a temperature nearer the critical temperature, 
cleanlineeB, labour and time saving, are factors ‘whieh can be set off against the increased 
cost of fuel. 

The number of units consumed per ton of grain vary. The average number of units 
consumed per 1 % of moisture removed j^er ton of grain in one drier was 18.3. Assuming 
electricity to be Id. per unit and the average extraction 6 i)er cent., the cost of electricity 
would be 10/- ]>er ton of grain dried. 

In one grain drier designed specially for electricity as the heating agent, the whole 
process is carricM:! out over a series of four self-emptying trays, placed horizontally, end on 
end, and each at a .slightly lower level. During operation the trays are in continuous 
oscillation. The grain is kept moving by a “ bump ” action on the trays and ijasses from 
one tray to the other. The floors of the trays are slatted and through them air is blo%^Ti. 
Each tray has its own separate fan and air feed and, in the case of the first three trays, its 
own heating system. Hot air is forced through the grain in the first three units at accurate 
temperatures, thermostatically controlled. Cold air is blown through the fourth, and last, 
tray. Loading for heating amounts to 257 kilowatts (kW.). In addition, there are motors 
to operate the Ians, elevators, etc. which require a further 14-kW, making a total of 271-kW. 
In twelve months’ operation, 2,163 tons of cereals, pulses, clover and rye grass seed, linseed, 
t‘tc. were dried, the average moisture extraction being from 9 to 10 per cent. Consumption 
of electricity amounted to 287,423 units or ap]M*oximately 14 units (kWh.) for every 1 per 
cent, of moisture removed i:>er ton. Assuming the cost of electricity to be Id. per unit and 
the average moisture extraction to hi* 0 j^er cent., fuel costs for drying alone would amount 
to 7/- })er ton. 

Drying grain in ventilated bins offers an alternative to either tyj)e of drier ; t.c., con- 
verted or specially designed. At first sight the method appears attractive where the farmer 
cannot afford the capital outlay for a drier, but wants to y combine his grain and keep 
part of it over winter for feeding to stock. The present method is to store grain in bins 
with slatted floors and to blow, by electrically driven fan, a large volume of slightly heated 
air, or air at atmospheric temperature, through the grain. Blowing may have to be con- 
tinuous or for many hours at a time. The fans can be quite small, however, and the hors<‘- 
j)ower of the electric motors quite low. The process can be made entirely automatic, 
requiring little supervision. The thermal efficiency of the process is higher than that of a 
drier bt^cause the air will leave the bin nearly saturated. This improvement is offset to some 
extent by having to blow and heat the larger volume of air required to remove moisture at 
relatively low temj)eratui*e8. 

The Workshop, 

In the workshop electricity is indeed the handmaiden of the mechanised farmer or the 
farm mechanic. Its first advantage is, as in the barn, that it makes it possible to disptmse with 
a line of shafting and pulley and belt “ take-offs.” Each maclxine, e,g., lathe, can have its 
own motor with direct or V-belt drive and can be placed anywhere on the floor that is most 
convenient from either a space or daylight point of view. Other advantages such as 
immediate readiness at the touch of a switch are obvious. The advice of the Electricity 
Supply Engineer should be sought before finally deciding the layout of a new w orkshop. 
His ideas on economy in installation, use of power, etc. are certain to be of value. 

Most machines will require only fractional horse-powered motors with consequent low 
running costs. For instance, an electrical lathe with a motor of Jdi.p. will be capable of 
dealing with articles of diameter up to 4 inches and up to 30 inches in length. Smaller 
units will be required for a high speed carborundum wheel, a saw for accurate light work, 
portable boring machine, etc. A small compressor will make it easy to keep all pneumatic 
tyres at the correct pressure and an electrically-heated vttlcaniser makes the patching of 
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inner tubes a satisfactory job. An electric heater will save tractor and lorry engines against 
damage by frost and ensure easy starting on cold mornings, A battery charger which can 
be plugged in at nights will add to the life of self-starter batteries and make early morning 
starting more certain. 

Unless a farm supply has its own transformer the Supply Engineer is not too keen 
on electric welders. Though extremely useful in an experienced and skilled mechanic’s 
hands they require a heavy loading — ^that is they put a heavy demand on the supply system — 
the load is momentary and intermittent and in the Engineer’s language : “ may bump his 
mains.” The sudden load put on the supply lines by the switching on of an electric welder 
may cause a momentary diminution of supply to other appliances on the same distribution 
system and lead to complaints from other consumers. This difficulty does not arise of course 
whore the farm has its own transformer. 

HORTICULTURE. 

Electricity has an equally wide range of application in horticulture. It is a cheap and 
convenient form of power for the fruit-grower who has his own apple grader, cold store, 
central pumping station for spraying, etc., or for the market grower who has machines for 
vegetable washing and packing, bulb grading, plant for overhead irrigation, etc. It will be 
sufficient perhaps to discuss two uses which are increasing!}' attracting the attention of the 
grower, namely — soil warming and heating glasshouses. 

Soil Warming, 

Heating by electricity provides the market grower with an alternative to horse manure 
for his hot beds and Dutch lights. The method has been in commercial use for long enough, 
and on a sufficiently large scale, to establish its economic soundness. It has shown that there 
is no need to maintain soil in a frame at any given temperature, but that if carefully controlled 
“ doses ” of heat are applied daily and proportionate to the area of the frame satisfactory 
results can be obtained. The amount of energy required is 40 watt -hours per square foot of 
soil surface per day for the southern and warmer areas, and 45-watt-hours for the northern 
and colder districts. In practice that can be applied by a loading of 5 w^atts per square foot 
for 8 hours a day or 2 watts per square foot for< 24 hours a day. If the latter method is 
chosen, then no daily attention to switching on or switching off is required. By the former 
method the heat can be applied during the night when possibly a more favourable tariff 
could be obtainexl. The thermal storage properties of the soil render either method equally 
capable of maintaining adequate temperatures during the actual heating i>eriod. 

Bare uninsulated) galvanised steel wires, supplied through a transformer which 
steps down the voltage to a very low value, are laid at from 6 to 7 inches below the ultimate 
soil surface. Skilled guidance is required in the method of laying and protecting the wires 
which, once laid, should not be moved again. The soil above the wdires is then prei)ared for 
planting in the ordinary way. 

The heat is switched on a day or two before planting out. The cost of running can be 
calculated as follows : — Assuming a surface area of soil of 1 ,200 sq, ft., the cost of electricity 
to be |d. per unit (special rate for a night load), and 40 watt-hours are required per sq, ft. 
per day, then consumption costs will be - 

1,200 X 40 3 

X — “ 3/- per day. 

1,000 ^ 

It is then a simple calculation to estimate the number of lettuce which can be grown on that 
area and the number of days on which heat will have to be applied to arrive at the cost of 
electricity required per lettuce grown. In practice consumption has wnrked out at 
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to 1 .54d. per lettuce, which may not be considered extravagant if out of season produce 
continues at a satisfactOTy price, 

Ohsskotiaes. 

Economically electricity is not a suitable form of heat energy to replace the solid fuel 
boiler of the ordinary glasshouse hot water heating system. Electricity will of course 
]>rovide the power to operate a mechanical stoker. Then, too, a method of thermostatically 
controlled electrical heating can be fitted to hand-stoked boilers to supplement the heat if 
the temperature of a glass house, during the night, should fall below a pre-determined 
temperature. Some growers feel however that this method may encourage inefficient 
stoking. 

Whilst electricity may be too expensive for space heating, that is heating the air in the 
glasshouse, it certainly has a future for warming the soil before tomato planting. All growers 
do what they can to raise the temperature of the soil to 57 or 60 “F. to a depth of 8 inches 
before planting, and use enormous quantities of solid fuel in so doing. Steel wires of the 
bare uninsulated galvanised type already mentioned, laid at a depth of 12 inche-s to 15 
inches below the soil surface, and fed so as to give a surface loading of from 5 to 6 watt- 
hours per square foot, will raise the temperature at 8 inches to the required value in about 
30 hours continuous running. 

Allowing for a standard glasshouse bay of 100 ft. by 14 ft. the consumption of electricity 
will be of the order of 240 units, or £l at Id. per unit, which is considerably less than the cost 
of coal for three weeks nmiiing, and there is no gamble as to what the temperature of the 
soil will be at the end of the heating period. 

POrLTRY HUSBANDRY. 

Electricity has a wide field of application in poultry husbandry. Its value for incu- 
bation, for lighting of intensive laying houses, for rearing appliances, for heating water, for 
})umping water, for grinding and mixing food, for plucking, for cold storage, its freedom 
from fumes, risk of fire, etc., have been freely demonstrated. 

The ]K)ultry farmers’ main anxiety regarding electricity supply is its reliability. It 
has already bc^n shown that in the erection of high voltage lines in rings ” the engineer 
is pretty well able to guarantee his sup})ly against any prolonged failure except in the most 
unusual circumstances. WTiere they arise there are few appliances wliich will involve the 
poultry farmer in much loss even if the supply is cut off for an hour or two. In incubation, 
failure of current is not so important from a loss of heat point of view as from interference 
wdth ventilation. In the event of temporary current failure, the Supply Engineer will 
alw^ays be able to advise whether emergency mea-sures are necessary or not, either for air 
circulation in an inetibafor or alternative methods of heating for brooders. 

Most disappointments in poultry husbandry arise from ill-designed equipment or from 
indifferent management of suitable appliances. There may be a case for the establishment 
of an official testing centre for electrically-operated poultry appliances, but there can be 
no excuse for the disregard of manufacturers’ instructions for the handling of any particular 
appliance. 

FUTURE DEVELOPMENTS. 

Field Cultivation. 

A satisfactory and economic method of applying electricity to large scale and general 
field cultivation is not within sight. The two methods of doing field work electrically are : — 

(1 1 By a stationary, but movable, cable winding set. 

(2) By a tractor fed by a flexible cable connected to a point. 

The first method has its enthusiastic supporters. It is really an electrical replica of steam 
cultivaikm with the added disadvantage that the cable units, unlike steam, are not self- 
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propelled and have to be moved from field to field by some other form of power. Ploughing 
has been done electrically by this method over a period of many years, but it does not appear 
able, as yet, to compete with the farm tractor for initial cost and adaptability. 

The second method is the closest imitation of the ordinary farm tractor. The difficulty 
lies in the trailing flexible cable required for “ plugging in to the power socket. The 
amount of cable wiiich the unit can carry and the handling of the cable put restrictions on 
the distance it can travel and its general manoeuvrability. 

iSmall-scale application for lawn cutting and rotary hoe cultivation for market gardens 
is already established and provides no difficulty once the knack of handling the trailing 
cable has been mastered. 

Hay Drying. 

The ap])lication of electricity to drying or curing hay is standard practice in America 
and Sweden. In these countries the farm buildings are designed ijr the })urj) 08 e. In 
Britain farm buildings follow quite a different j)attern and different methods of application 
have therefore had to be tried. Hay drying must not be confused with grass drying which 
is quite a different process. Experiments have recently been conducted at a number of 
centres in Great Britain hy the Electrical Research Association (E.R.A.) but the results 
have not yet been published. 

Briefly, the method employed is to cut the hay and allow it to wilt in the sun for a few 
hours when tlie moisture content should fall by 15 or 16 i)er (jent. The hay is then carted 
and heaped to a depth of several feet on ducts laid at ground level in a section of enclosed 
Dutch barn. Air at atmospheric temj^erature is then blown through the ducts until the 
hay is dry enough to be baled or stored. The process cannot bo continuous ; the hay must 
be dried in batches. The quantity that can be dried in one batch must depend on the 
(:a])acity of the plant installed. During wet weather, vhen the humidity of the atmosphere 
Tnay be so high as to render drying by cold air either impossible or very slow, an electric 
iieater can be used in the air flow system, though of course costs for current consumption 
will go up. There is enough evidence to show that, irrespective of weather conditions, first- 
c.lass hay can be made by this method. Though the best te(?hnique and the ultimate econ- 
omics of the process still have to be investigated, the indications are that electricity costs 
will be less than £2 per ton. It would help the Engineer if the farmer could tell him what 
additional value could be i)ut on hay per ton if it could be guaranteed that w'hatever the 
weather conditions a proportion of his hay crop would always be secured in first-class 
condition. 

irrigation of Field Crops. 

Overhead systems of irrigation for the finer market garden crops and some of the soft 
fruits have sufficiently })roved themselves to make their extension certain. Consideration 
is now being given to applying the process to the dry and light land areas of Eastern Eng- 
land for root crops, such as sugar beet, and for green crops, particularly lucerne, grown for 
drying and grinding into meal. For the latter process capital outlay in plant is so heavy 
that growers argue that crop failure, due simply to conditions of drought, cannot l>e risked. 
The system, where both water, in sufficient quantity^ and electricity, are available may be 
wnrth careful consideration. 

Qnick Freeze. 

The term “ Quick Freei&e ” is applied to a process, now extensively practised in America, 
for example, of subject ing food to a very low temperature and freezing it through com- 
pletely in the space of a few minutes. Slow freezing of foodstuffs has been practised for 
very many years. The product obtained by the old process was not always of first quality. 
Produce put into a cold store at 10 “F. may take a week to freeze through oompletety. Hie 



Electricity on the Farm* 


106 


ice crystal formed is so large that on thawing it ruptures the cell structure of the produce 
and essential juices are lost by drip. The resulting produce therefore tends to be dry and 
lacking in flavour. 

By the “ quick freeze ** method the ice crystal is smaller and there is little or no 
fracture to the cell structure on thawing out. The method does ensure produce of initially 
high quality coming out of cold store in really first-class condition after a period of storage 
of indefinite length. The process does not offer an alternative market for surplus produce. 
It offers an entirely new market, with a rc^tail sales system behind it, for vegetables, certain 
soft fruits and poultry of the very highest quality. But for the war the process would, no 
doubt, have already been established in Great Britain. It is already being used in the fish 
industry. It is safe to assume that in time it will find a place in horticulture and poultry 
and that when it comes it will affect substantially practice in both these industries. 

Feeding Cattle, 

One enterprising firm has made plans to build and equip yards for fattening cattle so 
that all the processes of food preparation, feeding, dung filling, etc. may be ‘'electrified ” 
fis far as jK)88ible. The general design provides for Dutch barns on either side of a “ built- 
in ’’ threshing machine from which chaff will be blown direct to the covered yards and the 
straw carried by mechanical conveyor to either the “ courts ” or straw barn. The corn 
will be delivered into the food store, elevated and fed automatically into a hammer mill, 
and carried to a mechanical mixer which will be connected to the cake breaker, etc. The 
farm is in an area where turnips are extensively grown and fed in large quantities to fattening 
cattle. Storage is provided at either end of the food store for the roots which will be 
conveyed mechanically to the pulper and thence to the conveyor. All food will l>e carried 
in self-opening conveyors, on an elevated mono rail, to receiving hoppers slung above the 
feeding manger, and which by operating a time switch will in turn be swung open auto- 
matically. The cattle can all be fed at precisely the same time. The experiment is bold 
and expensive and no doubt will require much modification before it finally becomes a 
success. 

CONCLUSION. 

Completion of electrification of farms in Great Britain calls for huge (quantities of 
materials for the a])})arat-us and lines of distribution, internal wiring and equipment. The 
job is an tiiormous one and will involve Electricity Supply Undertakings and owners and 
occupiers of land in substantial capital exj>enditure. It will also take time. Supply Com- 
panies, assuming mato ials and skilled labour to be in reasonable supi:)l3% have given the 
National Farmers’ Union an undertaking to expand further their alreaciy extensive networks 
and mains so as to make electricity available to not less than 95% of all farms within a period 
of five years. The task can he made simpler and easier by a closer and better understanding 
between farmers and Supply Engineers, by the farmer and litnd-owiier giving every 
possible facility with wayleaves so that the Engineer can follow the quickest and cheapest 
route, always compatible with farming practice, by encouraging all farmers in an area to 
join in a si^eme for electrifying a neighbourhocKi, and, once current is available, by using it 
freely but economi(ially for farming as well as for domestic purposes. 


SO, OlWVGIlAM Stbbkt, 
Lonuon, S.W.l. 


J. C. LESLIE. 
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THE COMING OF THE MANGOLD 

A NEGLECTTED EPISODE OF THE AGRICULTURAL REVOLUTION. 

The introduction of the rootsliift to the farmers* rotation marks a turning-point in economic 
history comparable to the coming of steam-power to industry. Not only did it substitute 
a cleaning crop for the traditional and wasteful bare fallow but it ended the annual slaughter 
of cattle which had for so long set rigid boundaries to farming j)rogreH.s. After that time, 
therefore, there was no more need for the farmer, when,** in Dante’s words, ‘‘ fails his 
wintry store ** of hay and he looked out on the still snow-bound plain to 
“ Pace to and fro, wailing his lot, 

Like a discomforted and helpless man.” 

For it was economic need and not poetic fancy which lay behind the craving for spring in 
the old ballads and when the warm weather and the fresh grass tarried cattle died and later 
man went hungry. Hence the almost mystic significance of the turni]) in the eyes of men 
like Young who regarded it as the Ark of the Covenant of the New Farming. 

For it is on the turnip that the historical limelight falls and the name of Towiishend 
figures prominently in all accounts of the Agricultural Revolution. Nevertheless, the story 
of the mangold, though far less well -known, is as interesting and jXThaps as important, for 
then as now the turnip suffered from one dangerous defect, its attraction for the ever-])resent 
“fly *’ or “flea-beetle *’ which, it is clear from the Correspondence of the Bath and Wej^f 
Society, scourged the crops of the time. Yoting, for instance, wlio himself lost an entin* 
crop desjate two and in parts thiee sowings, estimated that the fly on an average destroyed 
one turnip'harvest every live or six years and the numerous letters on the subject illustrate 
at once the anxiety and the methods of the time. 

Even today there is no answer to tliis j)est and the men of the IHth century worked out 
their own empirical and presumably less successful remedies, though hampered in at least 
one case by the belief that the fly w^as “ engendred or at least enticed by the mu{*k.” 
Amongst many other things dragging with elderbush or, more drastically, scattering the 
fields with putrid lobsters ‘‘ to leave effluvia,” sowing after rain undcT a full moon so that 
the plants would grow away from the |K‘8t, scattering soot or soaking the seeds in brimstone, 
even an ingenious but impracticable “ fly-trap ” were suggested. Some of these methods 
doubtless decreased the damage but Rigby, w riting in 1 819, that is, after tw o general ions 
of experiment, could still say that the turnip crop, “ though highly important, has hitherto 
been considered as very uncertain,** partly through drought but also because of the fly w hi(‘h 
“not infrequently sweeps away whole and repeatedly sown crops.*’ 

There was, therefore, sound reason in the view of Wimpey who in 1787 dismissed the 
endless suggestions as “ inadequate for the purpose ** and regarded “ the invigoration and 
promotion of the growth of the ]dant ** as the sole effective way of beating the fly. At an}" 
rate, he had the support of the labourers, shrewd and pessimistic as usual, whose opinion is 
presumably summed up in the traditional Wiltshire song, 

“ For the fly, the fly, the fly be on the turmut 
And it’s all me eye for we to try 
To keep fly off the turmut.** 

The seriousness of the position appears in the Rev. H. P. Stacy’s pamphlet of 1800 in which 
he recalls the failure or destruction of the turnip crop in the dry summer and severe winter 
of 1794 which compelled many farmers “ to fodder their flocks with hay instead of tumeps 



The Coming of the Mangold. 


167 


and others to sell it before it was full fed.’' Thus the failure of the turnip crop meant a 
return to mediaeval conditions. 

Now, the mangold can be regarded as a bigj^er and better turnip with a higher dry matter 
content per pound and a larger tonnage per acre. But above all it is immune from the fl}'^ 
while its own pests are far less destructive. It therefore answered a very real need of the 
British farmer. Yet the story of its introduction illustrates in striking fashion many of 
the characteristics of the Agricultural Revolution ; the importance of the amateur ” who 
did not depend directly for liis living on the cultivation of his land ; the localised and 
haphazard introduction and slow spread of new’ methods from the scattered centres of the 
New Farming ; and the immense gulf between available knowledge and general j)ractice. 

The first mangold seeds to enter this country, two pounds in all, reached Sir Richard 
Jebb, a fashionable jdiysician, in 1780, being sent from Metz by T. B. Parkyns. A covering 
letter explained that this root had recently been introduced to that district from Germany 
by an '' experienced cultivator ” at a time when hay and other fodder w^as scarce. The 
leaves, it seems, w'ere valued as much as the roots and were so reli.shed by cattle that Ramj>les 
were sent to the French Government which distributed 1,000 lb. of seed to the provinces. 
But they ordered these things differently in England. The new crop w^as neither welcomed 
by “ experienced cultivators ” nor encouraged by the Government. 

Jebb presented some of the seeds to the Society of Arts and they wrere distributed to 
various members, including l>r. J. Lettsom, a Quaker philanthropist of wide interests, who 
raised some of the ]>lants and ate the leaves and small roots. Shortly afterw^ards, he trans- 
lated from the Fren(‘h and jiublished the Abbe Commerell’s book on the new vegetabk*. 
The interest aroused must have* been considerable, four editions w'ere sold in two years 
and the translator re(^eiv(*d seven hundred letters and two thousand four liundred 
requests for seed. But so far the main emphasis was on human consumption. The Abbe 
certainl\’ a})pn‘*ciated its value as cattle-food but w^as clearly preoccupied with its impor- 
taiKO as human food, j)articiilarly in times of dearth. Similarly, Lettsom expressly mentioned 
he could not confirm the Abbe's remarks on its value for stock and adds that the majorit}’ 
of letters he received from landowners, clergy and ])arish overseers dealt with it as a pos.sible 
source of human nourishment, particularly of, course, for the poor. Those who tried it 
compared its leaves with spinach but founcl the roots mawkish ” and unpalatable, though 
as late as 1817 Pettigrew (!Ould still regard it as “ an important addition to our list of cul- 
inary vegetables ” as w’ell as “ a plant of value for feeding and fattening of cattle.’' It was 
in fact, some time before our farming forefathers appreciated the full w’orth of their new'^ 
crop. 

It must be remembered, of coui*se, that the men of the time were entirely ignorant of 
its qualities. Thus Comnierdl points out that it did not appear in the botanical books and 
there was not f?ven a French word for it, except an erroneously literal translation from the 
German, mangold, beet, being confused with mangel, deai’tli, whence the old name la 
racine de disette or ‘‘ root of scarcity.” So in 1789 Sir Thomas Darrant thought it was a 
perennial and the original methods of cultivation were not always the most efficient. Seed 
was sometimes set and sometimes drilled but the usual procedure appears to have been the 
costly and wasteful transplanting, while seed from bad strains sometimes produced un- 
satisfactory plants “ with crowns close to the ground and long forked roots” instead of 
convenient plants riding above the surface of the soil.” Then there w^as the question of 
storage and many besides Sir Thomas Beevor must have found straw an inadequate pro- 
tection in times of frost. 

Further, the early emphasis on its unattractive culinary posbibilities can hardly have 
encouraged the layman^ while it was long before bought seeds were reliable. Thus in 1788 
all the seeds Sir Mordaunt Martin purchased proved to be beet and lie was compelled to buy 
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others from Brussels ; in the following year Wimpey wrote cheerfully that as I did not 
procure any seed from a seedshop but from an acquaintance of Dr. Lettsoni’s I suppose 
they were genuine” ; and even in 1820 Rigby expressed no surprise at the failure of his 
purchased seeds. At first, too, the temporarily toxic qualities of the mangold after 
harvesting were not realised. In 1790 Sir Mordaunt Martin lost two t^ows apparently for 
this reason though he attributed it to dirt on the roots and he does not apj)ear to have been 
the only sufferer from this curious defect, for it was this which biased Coke against the man- 
gold. There were, therefore, concrete grounds for “ the prejudice of ninety-nine people out 
of a hundred I have met ” against the new crop which Sir Mordaunt Martin bemoaned in 
1790. 

There was, of course, at that time neither Rothamstead, the R.A.S.E. nor Cirencester 
to examine, report and instruct on such new crops and neither the Board of Agriculture, 
established in 1793, nor the only experimental farm in the country, a ten ncre plot run by the 
Bath and West, were competent for the task. The futiue of the mangold, therefore, lay 
entirely in private hands and experiments were on a purely personal basis, results being 
discussed in private correspondence' or the publications of local societies. The public- 
spirited men who championed it were tew, Dr. I.<ettsom who experimented on a small plot 
near London, Sir Thomas Beavor of Hathel Hall, Sir Mordaunt Martin of Burnham and Dr. 
Rigby of Norwich, all three Norfolk men, and Joseph Wimpey of North Rockhampton 
being the most prominent. Their enthusiasm contrasted painfully with the apathy and 
ignorance of most practical farmers. 

Those pioneers, however, soon realised the value of the new crop as cattle-feed. As 
early as 1789 and 1790 Knapp and Wimpey were praising it and Bronnvicli of Cliff House, 
near Bridgnorth , found that it fattened stock more quickly than potatoes and, unlike turnips, 
did not taint milk, while Anderson, otherwise imenthusiastic, and Sii* Mordaunt Martin 
emphasised its immunity from the fly. Yet there w^re but few converts and those mostly 
of the leisured type who did not farm for their daily bread and could be induced to try tin* 
new' crop over a friendly glass of port or during a Sunday afternoon's .stroll round a neigh- 
bour’s yards. In 1791, for instance. Coke, “who had hitherto laughed at mangel-wurzel,” 
agreed to try it after pulling and carrying a heavy root and there are references to the 
planting of mangolds by Lord Orford at Barton Mills in Suffolk, Mr. Dashwood at Cley in 
Norfolk, Sir William Lee at Hartwell and the Marquis of Salisbury in Hertfordshire. 

More typical, it seems, was Sir Mordaunt Martin’s exi>eriment with two local farmers, 
“ known to be no friends to novel practices,” who were jjersuaded to w^atch cattle pre- 
ferring mangolds to potatoes, for he does not mention any change in their view\s or methods. 
So in 1790 Wimpey could record regretfully that “ not one farmer in a tlioiisand has heard 
of it ” and in 1792 the editor of the Correspondence of the Bath and West concluded that 
“ but little expectation of the publick importance of the mangel-wurzel is now^ formed.” 
Nine years later the indomitable Sir Mordaunt Martin echoed this verdict sadly. “ My 
being singular in its culture, as long as I am successful, rather encourages than depresses 
my zeal.” Yet even he grew only four or five acres and it is clear from the magnificent 
series of Board of Agriculture County Reports that the acreage and importance of the crop 
were at that time negligible. 

Nevertheless the mangold is a useful crop and facts are as stubborn as and more enduring 
than prejudices. Further, it was a time when national needs and high prices were forcing 
progress on the farmer. So, though the incoherence of the Agrkmltural Revolution is 
reflected in its records and the men of the time paid little attention to statistics, it would 
seem that somewhere between Trafalgar and Waterloo the mangold lost its amateur status” 
and appeared in the fidids of men whose living depended on their crops. Thus in 1814 
Lettsom wrote to Sir Mordaunt Martin that “ without your systematic support the mangel- 
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wurzel would in all probability have been lost to this country. . . It is now one of the 
moat productive vegetables we possess.” There is also mention at this time of a certain 
Stevenson of Hatfield, “the largest and most successful grower ” of the mangold in the 
country, and Pettigrew could write in 1817 that “after a short time, it (the mangold) was 
almost universally neglected. . , .but lately it has revived to a considerable extent.” 
In the same year Blaikie, Coke’s agent, refers to a mangold field without comment and 
Rigby in 1820 mentions his four acres of the crop as if it were part of his normal rotation, 
though his neighbours took a less enlightened view. The latter writer adds elsewhere that 
nine acres of mangolds w^re grown in Regent’s Park by a Mr. Jenkyns and were sold to 
the keepers of cows in London,” realising a profit of £^)00. 

It seems, therefore, that by, say, 1815 the mangold had left “ the period of origins ” 
and could progress not as an experiment but as a crop, albeit a novel one. This view is 
supported by the interest seedsmen were beginning to take in it, for in 1814 Sir Mordaunt 
Martin, rejoicing at “ having contributed so much to bringing it into demand,” was supply- 
ing Mackay’s Nursery in Norwich aiKl there was also apparently a merchant at Cambridge 
who stocked it. And once a novelty has been ble^ssed by Commerce it can generally be 
taken as established for it has clearly come of an age to start business on its own. 

NIGEL HARVEY. 

\X St. MAfiGARKT’s Road, 

Oxford. 
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SOME IMPRESSIONS OF SWEDEN’S NATIONAL 
AGRICULTURAL SHOW AND OF SWEDISH 
AGRICULTURE 

SwEBEi^'s National Agricultural Show may be regarded as comparable with England\s Iloyal 
Show in that it is the premier show of the country and aims at providing a cross section of 
all that is best in farming practice and of the country’s domestic live stock. In one im- 
portant respect, however, it differs from the ‘‘ Royal,” for it is held at f afrequent intervals 
and not annually. It is 100 years since the first Swedish farm exhibition was held, and 15 
years since the previous national show. The show which opened at Solvalla, Stockholm, 
on the 8th June, 1946, being in the nature of a centenary, was marked by special arrange- 
ments and by the presence of many foreign rej3re8entatives. The British delegation 
included the Rt. Hon. Tom Williams, M.P., Minister of Agriculture, who headed the 
delegation, Sir Donald Vandepeer (Permanent Secretary to the Ministry), Sir Patrick Laird 
(Secretary to the Department of Agriculture for Scotland), Mr. James Turner (President, 
National Farmers’ Union), Mr. Anthony Hurd, M.P., and myself, representing the Royal 
Agricultural Society of England. 

Although the Show was formally opened to the public on Saturday, June 8th by H.M. 
the King of Sweden, all the stock had been judged on conformation on the two days previous 
to the opening, while performance records on which the awards also depended had bc^cn 
calculated up to May Ist. In some cases the necessary computations came very con- 
siderably before the data were ready for the judges of type and (*onformation. Attached 
to the })en or stand of each exhibit was a card giving precise information, including name 
and particulars. Herd Book No., date of birth, pedigree, and certain information regarding 
the performance of parents and grand -parents, e.g,, sire’s pedigree value and performan<‘e 
of the dam, details of awards made by judges of conformation and, where appropriate, the 
utility value of progeny are also included. 

The Show continued for nine days so that most exhibitors could reckon on having their 
stock absent from home for at least a fortnight. It is }>artly because of this that such a 
show is held only occasionally ; and of course the expense and trouble involved are coti- 
siderable. Sweden is a big country, with a total j)opulation only about half of that of 
London. However, if some Swedish agriculturists think that even once in fifteen years 
is too often, or that a national show is too ambitious an undertaking anyway, there are 
others who feel that ten-yearly intervals would be preferable. Since the previous National 
Show five fairly big district shows had been held, these being of four or five days’ duration, 
with performance tests as a condition of entry. 

Policy governing the National Show, including such fundamental details as its size and 
character, is controlled by the Royal Board of Agriculture — but only after the State has 
influenced the Board’s decision through its financial vote. 

During the first three days at Solvalla 100,000 people attended. Ultimately more 
than 300,000 passed through the turnstiles. Admission charges were the equivalent of 
6/- for the first and second days, 4/6d. for the third day and 3/6d. for all other days except 
the last, for which admission was 2/6d. About 2,000 people could be accommodated in the 
ring grand-stand, for which a special charge equal to 2/6d. was made for each of two 
sessions a day. 
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Entry fees for livestock were as follow (1 Swedish Krone reckoned at approximately 
l/3d.):- 

Har8<‘ and foal 40 kr. 

Horse 60 kr. 

Bull 15 kr. 

Cow 10 kr. 

, Pig 20 kr. 

Sheep and Goat 10 kr. 

Sheep-dog ... 10 kr. 

AH animals entered for the show were inspected and approved for exhibition by the 
equivalent of our Ministry of Agriculture Live Stock Officers, and all therefore received a 
])remium which, in the case of pigs, varied from.£3 158. Od. to £9. There w'ere, of course, 
additional prizes and trophies based on conformation and on a combination of {performance 
and conformation. (The essential difference between the Swedish and the British method 
of awarding prizes is that not merely a few animals in each class are recognised : all get 
something on the basis of attainment of a minimum standard). Dual- judging of confor- 
mation and type prevailed, with a referee available in each section. Championshq) and 
group prizes were awarded by Government specialists. 

Bi-etiders look to the national show to sell animals privately. Auction sales for bret^ding 
.stock are common in Sweden but are not held at the Show. 

Of the live stock entries 469 were horses, 383 cattle, 312 pigs, 21 1 .sheep, 7 sheej>-dogs, 
3(K) poultry and 168 rabbits. 

Breeds and ty])es of horses inc;luded Thoroughbreds, Belgians, Oldenburg, and a splendid 
entry of the North Swedish brwd, a lightish-weight horse which is used largely for lumber 
work : it appears to be increasing in pojmlarity, partly because of its making lighter de- 
mands on fodder. The Swedes are horse-minded. Pride of turn-out is reflected in the 
.smartness not only of the horses, but also of the grooms. As in some other European 
countries, the jjarade in the ring is an occasion for show'manship ; grooms appear in smart 
s(‘mi-uniforin.s, often vith coloured caps. (Incidentally the liking for gay colour — es})eciail\' 
scarlets — is as pronounced in the country as in the city). 

There are three breed.s of cattle in Sweden : all vere strongly rejpresented. The 
Swedish Red-and-White (S.R.B.) is the most popular and may be regarded as the national 
breed. With a strong admixture of Ayrshire and Shorthorn in its make-uj), it comjpares 
very favourably with the best of our red-and-white Dairy Shorthorns. Tyipe has been 
fixeti by intensive line- and in-breeding. There is some talk of introducing more Shorthorns, 
fresh blood being necessary to improve certain breeding qualities which have tended to 
deteriorate. The average milk-yield of the Swedish Red may be taken to be about 4,(KK) 
kilogrammes (850 gallons) in 365 days, with an average of 4 per cent, butterfat. 

Next in jxppularity to the S.R.B. is the Sw^edish Lowland Breed (S.L.B.), black-and- 
white cattle comparable with the Friesian. Kept mostly in the south, the average milk- 
yield is higher than that of the other breeds, being approximately 4,500 kilogrammes (990 
gnUons), averaging 3.8”3.9 per cent, butterfat. 

Very attractive and commercially-sound cattle are the Polled S.K.B. They can be 
white, or white-flecked- with-black, or a pale-red. About ten years ago the two types — the 
white and the red— fused to become one breed ; but apparently they are not crossed, so 
that there are still two distinct types. They are kept mostly in the North, especially in 
mountainous districts, and have b^n influence by the Norwegian mountain breed . About 
the size (and having the quality appearance) of a Jersey, the S.K.B. impressed me very 
favourably, this finding support in their performance — ^a yield of an average of 3,500 kilo- 
grams (770 gallons) with 4.5 per cent, butterfat. 



172 Some Impres&iom of Smden's National Agricvltural Show, 

There is no Swedish beef breed ; indeed there are practically no beef cattle at all. A 
few Aberdeen- Angus have been introduced and a small group were seen at the show, but they 
could hardly be regarded as representative. 

The two breeds of pigs, Yorkshire (Large White) and Landrace were represented in 
force. The Yorkshire, founded and maintained on English stock, is about as popular as 
the native breed. Crossing of the two is extensively practised. Both breeds have infusions 
of fresh blood from time to time, the one from England and the other from Denmark. It 
is noteworthy that the suprcmie champion Large White boar at Solvalla was imported from 
England in 1942. At 8 yc^ars old the boar is still regarded as one of the best of the breed 
used in Sweden ; and this opinion is based not meredy on his apj)earance, but also on the 
performance of his progeny. Swedish pig-breeders are able to test the validity of |>crsonaI 
preference : performance records based on carefully controlled tests are a feature of their 
breed improvement work. 

Sheep are kept in Sweden chiefly, if not wholly, for their wool. The breeds represented 
at the show were the Swedish Landrace, Lincoln Long Wool, Leicester, Cheviot, Shropshire 
and Oxford Down, with crosses of the Leicester-Landrace. Most |X)pular nationally is the 
Swedish Landrace, a smallish sheep. Even sheep have to qualify for the right to l)e ex- 
hibited at the national show, the standard being the texture and quality of wool. The>' 
have also to be approved before admission into their Flock Book. 

The site of the showyard being a race-course, advantage could be taken of extensiv’t* 
permanent buildings as well as of made-up roads and of two large and w^ell -equipped 
restaurants. A ready-made {=^fte invariably has its drawbacks ; this was no exception. 
Without permanent grass, the state of the light sandy soil after two days’ trampling can be 
imagined. Dust began to make conditions as unpleasant as mud would have done had the 
rain on the second day [wrsisted. (81eei>er-roads wen* perhaps unnecessary). A hard 
road ran from one end of the ground to the other. Macdiinery was arranged rather more 
according to its purpose than to its factory-origin, W'hi(^h has much to commend it from th(* 
point of view of the spectator, whatever may be the objections. A good deal of the 
machinery-in-motion was in the open. 

Apart from a potato -harvester which, wdth the aid of rubber bands fitted to segregate 
stones, performed the entire operation from digging tn bagging, there seemed to be nothing 
revolutionary. A sugar beet lifter which loaded the beet direct to a lorry in the field w^as 
the result of much ex])erimental work. It appeared to have overcome many objections of 
]>rototypes and created Hom(*thing of a stir. Most of the machinery bore (iomparison with 
our own as to type and purpose ; much of it was American. A Fordson and a David Browm 
tractor were tlu? onl\' British jwoducts that I saw' and these, alas, were not in the parade of 
implements and machinery, which proved to be a particularly interesting feature of the 
ring -programme . 

The ring itself and every inch of space around it was packed with spectators to receive 
the King on his arrival for the formal opening. Escorted by household cavalry and 
accompanied by many members of the Royal family, his Majesty re^ceived a warm welcome. 
Although 88 years of age he spoke with remarkable vigour. His contact with the farmers 
was felt to be direct and intimate. A gi*eat concourse of fanners and their families assembled 
in the arena to receive him. Each group had its Standard Bearer and the inevitable 
Swedish flag. After the King had addressed those present the farmers’ leaders made their 
homage from a small platform placed in front of the Royal Box. The speeches concluded, 
the farmers and their families paraded in military order past the Royal Box. Leaders of 
each group dipped their flags in salute to the King. It was a singularly imiwessive spectacle 
and one which lost nothing in focussing attention upon the importance of farming to the 
life of the nation. 
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The parade of stock that followed was carried through with commendable efficiency 
and effect. There was no assembly of prizewinners as at the “ Royal,’’ but the winners 
in the cattle, horse, and sheep-dog sections entered the ring at one end and passed straight 
across to an exit at the other end, accompanied by a running-commentary. Female prize- 
winners in each class entered in line abreast. There followed one of the most interesting 
and instructive items of the programme : a parade of tractors and implements, including 
varieties of the combine harvester, drills, potato lifters, harvesting equipment and even a 
mole drainer. Everyone enjoyed the innovation, not least the drivers, some of whom 
emulated the grooms in being smartly turned out in uniform. A running commentary 
provided just the background necessary to satisfy the curiosity of many spectators. 

At a second visit I examined the layout and construction of shedding which, when 
studied in detail, proved interesting, even if, judged by British conditions of timber supply, 
an impression of extravagance in its use was inevitable While it may be that neither the 
shedding nor construction provided much that was new to us, they were effective. Canvas 
being in short supply, a species of cardboard was used for roofing ; and angle-iron struts at 
six-foot intervals in the framework of shedding furnished food for thought. Photographs 
were obtained of the type of shedding used, including interior layout, and also of a very use- 
ful and simply constructed tv 7 )e of seat for visitors. Some of the shedding apj>eared to be 
jalher flimsy, but it has to be remembered that the same timber is not used in successive 
years as at the ‘‘ Royal ” and also constructional work would be started much later in the 
year. Most of the cattle were rugged-up. The docility ot the bulls was noticeable ; indeed 
it may be said that although most of the stock appeared to be very much in natural con- 
dition this may have been due largely to shortage of food. They were however obviously 
well cared for and tlierefore reflected a high standard of management and sympathetic 
handling. 

A})art from th(‘ show a very full programme had been prepared by Mr. Miles de Waehen- 
felt, Agricultural Counsellor to the Swedish litigation in London, whose consideration and 
hospitality knew no bounds. 

An a]>propriate commencement was a visit to the Milk Central — the Farmers’ Co- 
operative Dairy Association— at Stockholm. This co-operative Association is owned by 
27,000 farmers of central Sweden, directed by a board of seven farmer members. The 
HveTage number of cows owned by each member is eight. Milk is collected and then delivei-ed 
to one (»f 01 dairies to be pastuerised for consumption and processing. The net juococds of 
sales are })ooled among members. 

Swedes like milk. The average consumption per head of the population of Stockholm 
is about one gallon a week (under normal conditions about the highest per capita con- 
sumption in the world) which compares with the t wo pints in England in winter. The Milk 
Central’s Dair}^ products, apart from milk, include butter, cheeses, sterilised cream, ic e-cream, 
sour milk, butter-milk and yoghourt. In 1944 this single organisation collected 1,200,000 
lbs. of milk while 44,(XK),000 lbs. of butter and nearly 9,000,(KX) lbs, of clieese were 
manufactured. 

At the Association’s office the delegation was given a brief survey of Swedish agriculture 
and of the co-operative movement. 

Fifteen x>er cent, of Sweden, we were told, lies within the Polar Circle ; but the climate 
being influenced by the Gulf Stream is therefore helpful to profitable farming. The arable 
area of the country reaches its greatest density in the south. Agriculture and forestry 
are mostly complementary. The division of the land into large and small holdings is 
more or less dependent upon natural conditions and social development. In the main 
occupiers are, and have always been, the owners themselves. Only about one-quartw of 
the total arable area and oue^hfth of all agriculture holdings are occupied by tenants. Tlie 
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average size of a Swedish farm, excluding the very small holdings, is about 9 hectares, the 
equivalent of 21 J acres. 

The agricultural population, which up to 1870 formed three-quarters of the total 
IK>pulation, has since steadily decreased. It is now about one-third and a further decrease 
to about one-fourth of the total by 1950 is anticipated. Of the 1| million people engagtnl 
in agriculture about 90 per cent, conduct family farms. 

The most far-reaching change which has taken place in Swedish agriculture in the past 
100 years is the increased cultivation of fodder crops on arable land, and, in this connection, 
the introduction of a more scientific rotation of crops. Before the war about 1 1 per cent, of 
arable land was cultivated for winter cereals ; that is, winter wheat and rye. The area of 
spring cereals was 30 per cent, : roots 7 per cent. ; fodder-crops 45 per cent., 7 per cent, 
was fallowed. During the war the area of grain for direct consumption increased, as did tlu> 
area of oil seeds, hemp and flax. Production per hectare is very high in Sweden and 
ammmts for winter wheat, for examjde, to about 2,400 kg. ]3er hectare, i .c., about 18.8 cwt. 
per acre. 

Conditions generally are favourable to animal husbandry, although the hard an<l 
difficult winters necessitate indoor feeding to a considerable extent. Costs of production 
have however been so reduced that Sweden has been able to compete successfully on the 
world market. 

The number of cattle has steadily increased (with a setback during the war) and is now 
about 2.9 million of which 1.9 million are dairy cows. This is about the same number as 
before the war. The number of pigs has also ]>rogre8sively increased under normal con- 
ditions, but in recent years there has been a falling off so that at })resent the number is 
roughly 1 million head, or about 75 per cent, of the pre-war level. In contrast to cattle and 
pigs, the sheep population has been dwindling for a long time past, ex<jept for the periods of 
the two world wars. The number at present is only about 300,000. 

Agricultural co-operation in Sweden is traditional. The history of the movement 
dates back to the '80’s of last century. The idea was first incorporattKi in dairying and in 
the egg trade, when local societies were formed for the establishment of dairies, the manu- 
facture of dairy products, and the marketing of eggs on behalf of their members. Later, 
in the '90’s, the first local purchasing societies were founded, and in 1899 the first co- 
operative slaughter-house was established. In 1915 the first of the agricultural credit 
societies were formed, and in the early 1920’s l>oth forest owners and fruit growers com- 
menced selling their products co-operatively. 

The development of the agricultural co-operative movement in its present form lias 
mainly been the work of the General Agricultural Society of Sweden, which has directed the 
organisation of the movement in recent years. The Society was founded in 1917 for the 
purpose of promoting the interests of Swedish agriculture. At first its members mainly 
consisted of individual farmers and agricultural societies. In the course of the years its work 
— mainly directed to economic questions — changed in some respects to meet new require- 
ments, more especially those concerned with marketing. 

In 1940 tlxe Swedish ‘‘ Gerteral ” Agricultural Society was replaced by the Federation 
of Swedish Farmers’ Associations. That meant that membership was no longer open to 
individual persons, but was restricted to agricultural as 80 (*lations of an accepted national 
standing. The original functions of the Federation were : (1) to put forward the agri- 
cultural point of view on questions of general national imi>ortance (2) to act on behalf of all 
the agricultural co-operative associations and (3) to arrange for close collaboration between 
agricultural co-operative and professional and industrial co-operative organisations. 

In 1945 yet another re-organisation of the Federatipn took place. As a resnlt it is 
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now possible for the Federation to carry out further activities of importance for the benefit 
of member-associations and farmers individually. 

In 1944 the number of members of the primary organisations associated to the Fed- 
eration was 994,300. The majority of Swedish farmers belong to three or four branch- 
organisations ; that means that the number of organized farmers is about 350,000. Nearly 
all these are represented in the organizations. In addition, there are a number of very small 
holders in horticultural and market-gardening egg marketing organizations. 

The branch organizations, which at present are members of the Federation, comprise 
Dairies, Meat Marketing, Purchasing and Selling, Egg Marketing, Forest-Owners, Bank- 
Credit, Mortgage Bank, J)istillers, Beet-Growers, Fur Breeders, Starch Producers, Flax and 
Hemp Growers, Oil Plant Growers and the Union of Small- Holders. 

The Swedish Farmers’ Union is a separate organization. 

The development of these huge organizations has been carried out by the farmers 
themselves ; they are in no way dependent upon the Government. During the world 
economic depression and the second world war they were of great help to the Government. 

The total value of the organised sale of products and purchase of farmers’ requisites 
through co-operatives in 1944 represented over 90 per cent, of the estimated value of all 
agricultural products sold by farmers. The dairy organization is at present responsible for 
about 96 per cent, of all the milk passing over the weighbridge in the dairies, the meat 
marketing organization for 72 per cent, of all slaughterings brought to the market, and the 
grain marketing organization for 65 per cent, of the cereals offered for sale. 

The latest link in the farmers’ co-operative chain is a school at Sanga Saba. The aim 
of this is to promote farmer-co-operative ideas and to train young men for social and 
economic work in the agricultural field. We visited the school and had an opportunity 
to appreciate the breadth of outlook and efficiency of those responsible for the movement. 
We were received by the Principal and his senior lecturer. We were told that approximately 
one-third of the upkeep of the school is met by a State grant of about £1 ,700 a year ; the 
balance comes from the Farmers’ Co-operative Association. A beginning was made two 
ye^rs ago. Already 80 farmers and 30 officials have been trained there. In addition, 
about 1,000 students have taken short courses to give them knowledge and confidence and 
thereby to allow them to take part in the affairs of the movement. By and large the school 
aims at instructing farmers who may become chairmen of local co-operative societies, and 
men and women who intend to take uj) official posts in the co-operative movement. The 
full course of five months takes jdace during the winter. Only candidates having a practical 
knowledge of farming and who have worked in a co-operative organization are eligible. 
The syllabus includes Political Economy. Politics, History, Language and Book-keeping. 
The average age of students is 27. Short courses held during the summer range from one 
to two weeks. Work and recreation and the delightful surroundings in the country combine 
to suggest an ideal interlude to the rush of modern life, the more so if, as we were assured, 
the result is a wide view of co-operation without propaganda. 

It was at the school that we became aware that one of the major problems which now* 
engages attention in Sweden is how to deal with the large number of very small farms that 
cannot now pay their way as separate economic units. Something like 50 per cent, of all 
farms are from 2-10 hectare (5-25 acres) : the desired optimum is a farm of 10-20 hectare 
(25-50 acri^), but at present there are only about 14 per cent, of these. The Government’s 
desire to see the very small holdings replaced by slightly larger units represents a reversal 
of State policy, for from 1910 to 1920 the distribution of land into very small lots was 
pursued as being best suited to economic stability. 

In discussions about the Swedish dairy industry we learnt that farmers take skim- 
milk and whey from the dairies for stock-feeding as is the common practice in Denmark. 
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Butter and cheese manufacture are extensive largely because they provide the best means 
of regulating surpluses of milk. The basic price for milk is the same throughout the area 
covered by the Milk Central, with appropriate adjustments according to the situation of the 
farms. 

To help keep down the cost of milk to the consumer a subsidy of 1 ore per litre of milk 
delivered is paid by the Government. We found that milk is distributed in Stockholm 
very largely through milk stores of which there are about 2,5(X) in the City. Mostly they 
are a sort of cross between the grocery and the dairy shop which used to be a feature of 
London. Housewives usually collect their milk at the store ; at the same*time they can also 
buy various kinds of tinned food, bread, biscuits, fruit, ice-cream and cereals. The con- 
sumer population served in this way is about 800,000. 

The price of milk paid to producers is fixed by negotiation between the Board of 
Agriculture and farmers. The selling price to consumers is a subject t ^ legislation. Pro- 
ducers are paid on a quality basis, i.e,, on the fat content (minimum 3.5 per cent.), on 
cleanliness, and on keeping quality. Milk is sold to consumers on a 3 per cent, fat basis in 
order to provide cream for butter. Only per cent, of the milk in Sweden is tuberculin 
tested. The tendency is for all milk to be pasteurised. 

Of the interesting functions we were privileged to attend one that stands out as 
particularly striking is the banquet given by the Board of the Royal Show at the Town 
Hall, Stockholm. Over 600 guests, including the Crown Prince and several other members 
of the Royal family, along with visitors from many foreign countries, attended. The 
beauty and dignity of the occasion and the setting of it in one of the finest buildings of 
its kind in the world were most impressive. 

Another function deserving of special reference was that given by the Federation of 
Swedish Farmers’ Associations, when the Chairman, Mr. Lcidberg, made a remarkable 
speech, first in English, then in Norwegian, and finally in Finnish. The wisdom of his 
remarks will be obvious by the following quotations which 1 give in outline : — 

“You are”, he said, “ in a country which has cscaf)ed the horrors and destruction 
of war. We are grateful to the fate which has allowed us to live in peace. 

“ May the immense sacrifices have as their result peace — and abiding }>eace, not 
only armistice — a peace which mankind is longing for, praying for and undoubtedly' 
needs. 

“ Peace means friendship betw'een nations. Peace means ever-incretising inter- 
course, personal contacts, exchange of goods and services. May this informal meeting 
be a contribution, however small, to unite us. 

“ Peace means that countries with less favourable conditions for agricultural 
production but which, in times of war, have turned to agriculture for succour, have 
relied upon and enjoyed cheap foods from countries having cheap labour. This may 
soon be the problem of Sweden. 

“The agiicultural show aims at encouraging rationalization, i.c., to secure the best 
results from the soil, from capital and from labour ; and secondly to reflect the work 
of the agricultural co-operative movement which unites farmers’ private enterprise to 
centralization and co-operative action. We rely on the Government and the political 
parties to decide the degree and nature of the protection — particularly the protection 
against external superior competition and the ruinous prices — ^whioh farming gets. 

“ We do not want protection to serve private ends. We are dependent on a large 
export of industrial products and a corresponding import of essential goods. But in 
agriculture the conditions make some protection inevitable. Is this necessary ? 
Has mankind as a whole — even apart from the post-war famine— -ever had enough 
to eat ? Has the world as a whole ever had an over-production of food ? Does the 
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world m a whole profit by the fact that the biggest proportion of mankind consists of 
low-paid producers of food with miserable purchasing power and poor possibilities of 
consumption ? Definitely not, in my opinion. 

Effective improvement must involve fundamental structural changes both 
nationally and inte^lationall3^ We are not likely to live to see the ideal world. But 
someone must start and the sooner the better. 

British, Danes, Jlhins, Norwc^gians or whatever you are, together with us you 
are also farmers with essentially common interests. Professional co-operation across 
the boundaries of countries ought not to l>e incompatible with patriotic duties. A 
common endeavour to keep a sound trade exchange between agricultural products 
and other products and services ought to be of advantage to all and to the disadvantage 
of none. In the long run a general depreciation or partial dumping can only lead to 
decline of trade and ruin. 

“ I allow myself to hope that we might be able to find ways and means, more 
active than a dinner-sjjeech, to help each other, to support each other and to co-operate 
our endeavours. 

“ I propose a toast for the happy future of agriculture everywhere and for the 
haj)pine88 and prosperity of the j>eopie who now cultivate the land of our forefathers 
and who w'ill in future carry on our work.” 

Perha]>s 1 may be allowed to record that our Minister of Agriculture, Mr. Tom Williams, 
made an entirely effective arid impressive impromptu response ; and that Mr. James Turner 
w’as not slow to seize the opportunity of both telling the company about the international 
conference on agriculture and issuing an invitation to Sweden to co-operate. 
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We were fortunate to get to know something of Professor Bonnier’s classic work on 
monozygous or identical twins in cattle. “ Monozygous ” means from one fertilized egg 
and identical twins are the result of the early splitting of the egg. Each member of the 
twin pair is identical, i-e., carries an identical set of hereditary factors. This kind of 
material is ideal for the research worker and can be used for a great variety of experiments 
on feeding and environment. In the ordinary way large numbers of animals in groups 
have to be used because of the fact that the animals are unlike in their heredity and that 
this difference confuses the result of, say, the feeding experiment. Professor Bonnier 
calculates that with 9 pairs of identical twins he can achieve a degree of accuracy for which, 
with unrelated cattle, he would need 360 animals on the experiment. 

The first experiment with these identical twins was started in 1941 and was designed 
to examine the effect of a high plane of nutrition v. a low plane on growth in relation to food 
consumed up to 27 months of age. There are, of course, striking differences between the 
high plane and low plane member of each pair, although it is by no means certain that the 
high plane of nutrition is an economic one. But of even greater interest is the difference 
in food utilization between the unrelated pairs of identical twins. From the statistics of 
food consumed, which were kept most accurately, it is clear that an inherited capacity for 
growth is a very real thing and that some animals grow very much more efficiently, i.c., 
with much less food, than do others. Throughout its life every animal has a maximum 
capacity for growth determined by its genetic or hereditary make-up, and the differences 
in the amount of this capacity and the efficiency with which it is attained which are now 
being revealed by Professor Bonnier’s identical twins suggest that in the future wt* will 
pay much more attention to this factor in developing our strains of livestock. 
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All identical twin heifers calve down at approximately the same age and equally 
interesting experiments on the effect of plane of nutrition and the efficiency of food utili- 
zation on milk production are now being studied. There appears to be a close connection 
between the efficiency of food utilization for milk and efficiency of food conversion during 
growth by the same animal, altliough it is yet too early to say if, by measuring the latter, 
one can predict the former. 

Our interest was at once aroused by the methods practised to determine true twinning. 
I^'ests comprised comparisons of colour ; marking ; hair-whirls ; sections of hair ; size ; 
position and colour of eyes ; colour and print of muzzles ; shape of udders, and shape of 
ears. The similarity of tlie muzzle-prints of natural twins is remarkable. We were told 
that a detaile<l similarity between the muzzle prints of the two members of a monozyous 
twin pair will never be found as these prints are influenced by the intra-uterine environ- 
ments as well as by external environnumt, 

Swedish dairy farmers now know pretty much the kind of material which I^ofessor 
Bonnier wants and an increasing number of identical twins arc being put on offer to his 
research institution. The frequency of identical twinning in cattle is not nearly as high as 
it is in man, but it has been calculated that, out of a dairy cattle population of approximately 
1^ million cows, 1,600 j>airs of identical twins are born each year. In England the number 
is likely to be about double tliis figure and there is obviously plenty of material available 
to our resear<‘h workers when the}" decide to make use of it. 

It will be appreciated that this report is but an outline of the more significant and 
interesting features of our visit. Our Swedish hosts could not have been kinder, or more 
hospitable. For so much Ave are indebted to Mr. de Wachenfelt, to whom the thanks not 
only of the delegation but of the wliole British farming eommunit}" generally are due. He 
sfiared nothing to give all that was intere.sting and profitable to the success of the visit. 
His erstwhile lieutenant in London, Herr Thure von Eckermann and his wife, were also 
kindness itself. And a .S 2 )ecial word of thanks and tribute is due to the British Minister 
and his Commercial Counsellor, Mr. H. L, Setchell, C.B.E., who went so far out of his 
way to provide arrangements for our well-being and comfort both at Stockholm and for the 
return journey. To these and all who helf)ed 1, like the others of our party, am deeply 
grateful. I ean only hoj)e that we in Britain may have an opportunity to reciprocate. 

ALEC HOBSON. 

SE(’KKTARY, 

Koyal Agricuetubal Society of England, 
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SEEDS MIXTURE TRIALS 

THE AGRONOMIC BEHAVIOUR OF INDIVIDUAI. SPECIES AND STRAINS. 

The series of trials upon which this article is based were first started in 1037 as the outcome 
of grants made by the Royal Agricultural Society of Eixgland to the Welsh Plant Breeding 
Station. Further centres w^ere established under these grants in 1038 and again in 1030 — 
4(X,, When the Grassland Improvement Station was established in 1040, the number of 
trial centres w^as greatly extended throughout the English counties and these trials were 
thereafter financed by the Ministry of Agriculture and Fisheries. The whole series of trials 
has been continued in subsequent years, up to and including 1046, as an important part of 
the extra-mural work of the Grassland Improvement Station. 

In 1044, however, by means of a special grant of £1»000 contributed by the li.A.S.E. 
to the Grassland Improvement Station, another series of Animal Production Trials w'as 
initiated in a number of English counties. Subsequent trials in this latter series were 
established in 1045/46 and financed by the Minister of Agriculture through the Station. 
In connection with all these trials, therefore, we would pay a tribute to the initiative and 
continued support given by the R.A.S.E. to grassland investigational work in Britain. 
In these days of extending State control it is wholly inspiring to know and to realise that we, 
in Britain, can still retain and exercise our right to support research ])rojects over a wide 
field of activity. In the present instance, the initiation of the grassland trials under review^ 
was wholly to the credit of an independent organisation — the R.A.S.E. Following up this 
initiation, the State made its equally valuable contribution by giving its extended support 
to the projects already Btart»ed (the early trials were financed 1937-1940 by R.A.S.E. and 
1940-1^6 by Government). Then in 1944 the new series of Animal Production trials was 
started by the Society and financed by them in 1944-45. Again Government has made its 
contribution by financing the Animal Production trials during 1945/46. Thus, we have 
here a characteristic instance of our traditional British way of doing things and an excM?llent 
example of a successful co-operative effort between State and private enterprise. 

The present report deals with sowings made from 1937 to 1943, but no further reference 
is herein made to the Animal ftoduction Trials 1944/46. An initial account, relating to 
some of the earlier trials (1937 to 1941) has already been published in this Journal (Vol. 
103, 1942). This dealt chiefly with establishment in relation to reseeding under contrasting 
conditions in different parts of the country. The present data offer scope for assessment of 
persistency in the various components used in the seeds mixtures and with particular ref- 
erence to the agronomic reaction of contrasting strains of the grasses and clovers so employed. 
The data available, as a result of these studies, also provide valuable evidence relative to 
the competitive ability of the different consiituents us^ in seeds mixtures and all in relation 
to contrasting conditions of soil, climate and grassland management. 

MATERIAL AND METHODS. 

In the series 1937 to 1943 inclusive, sowings were made at upward of two hundred 
centres, representing conditions throughout England. The normal procedure has been to 
plan each series of mixtures on the basis of five one-acre plots at each centre. The trial 
centres were normally placed on private farms and occasionally on lands in occupation of 
W.A.E.C.^s. The see<is mixtures were planned by the Station and the lots prepared and 
despatched ready for eowing to the various trial centres. The whole scheme was conducted 
throughout in the closest co-operation with the technical staffs in the counties, who have 
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frequently gone to great pains to supervise the trials locally. Members of the Station staff 
have visited the individual centres from time to time and botanical analyses have been 
conducted at a large proportion of the centres. It has been the general aim to make detailed 
botanical readings at as many centres as possible in the first, third and fifth harvest years. 
In some instances it has been possible to take readings in the intervening harvest years as 
well. Whenever a centre was visited, detailed field notes were made on it in relation to 
sward development and as to current grassland management. 

The method used in botanical analysis throughout the series of trials has normally been 
that of percentage area. This method provides a good picture relative to general character- 
istics of the sward and is particularly useful in presenting a comparative statement relative 
t o sward development from year to year. It does not, of course, provide data relative to 
productivity, and it has not been possible in the present series to assess comparative pro- 
duction as between different mixtures. The present trials are therefore designed to assess 
broadly the comparative development and sward-forming attributes of the various species 
and strains employed in the mixtures, and to do this over the widest possible range of con- 
ditions throughout the country. The data that have been accumulated serve to present a 
sound general picture of the comparative persistency and competitive ability of the different 
strains when grown in mixtures under normal farm conditions. 

THE SEEDS MIXTURES. 

Throughout the whole series, the tyjKJ of seeds mixture employed has been one designed 
to cater for medium to long duration leys, that is, for leys of a minimum period of three 
years. The majority of the mixtures would be suitable for the production of swards of 
quite long duration. There has been no attempt at complete standardization in the details 
of the seeds mixtures. "J'he general plan, followed in most seasons, has been to design 
simple mixtures along lines as follows; — 

{a) ultra-simple ryegrass with clover. 

{h) ultra-simple cocksfoot with clover. 

(c) ryt'grass and cocksfoot with clover. 

(d) ryegrass and timothy with clover. 

(c) ryegrass, cocksfoot and timothy with clover. 

(/) ryegrass, timothy and meadow^ fescue with clover. 

In more recent years, mixtures based on timothy and meadow' fescue have been used at 
cert^iin centres, wliiJe still more recently a comprehensive series of Jucerne trials lias been 
established. The general problems of rate and date of sowing are also being investigated. 
Other trials within the general scheme of extra-mural expermieiits iiave been designed to 
test certain grasses, clovers and njedics of overseas origin. For example, such grasses as 
Phalaris luhtrosa and Bromus iuemus are bring tried, while among the legumes there have 
been extensive tests with subterranean clover and with certain spt^cies of Medicago from 
Australia. The results from these latter trials will form the subject of a separate report. 

Tlu‘OUghout the whole series, an attempt has been made to test the comparative valiK* 
of the different strains of grasses and clovers used in the mixtures. In o. few' cases, notably in 
the 1941 trials, different tyjKJ-mixtures were under test, but in most instances, the mixtures 
at a given centre have been broadly similar to each other, differing onl}" in the strains used 
in the several plots. 

In the first series of trials, sown in 1937, two mixtures were employed : one composed 
entirely of commercial strains while the other contained the same species but differed in that 
a proportion of bred strains were sown. In the 1937 series, mixtures of bred strains of 
perennial ryegrass were used at all centres and of cocksfoot at some (centres. Direct com- 
parison of the behaviour of individual strains was not possible, therefore, but only the gross 
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TABLE 1. 

Seeds mixtures sown in 1940, 1942 and 1943. 
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effect of the group of strainB. In subsequent years (1938-1943) the majority of mixtures 
compared 4he behaviour of single strains within a species. 

The seeds mixtures used have been simple ones, of the type now employed in the 
establishment of medium-to long-duration leys. The mixtures sown in 1940, 1942 and 
1943, from which most of the data have been collected, are set out in Table I. We have 
advisedly distributed the trials as widely as possible throughout the country in order to get 
a reasonably complete picture representing a large number of edaphic and climatic variations. 
The trials have, therefore, been extended into every English county. The wide geographical 
distribution of the trial centres, and wwking under the difficulties of war-time conditions, 
have militated against the collection of much detailed data which w^ould have given added 
value to the experiments. For example, it has not been possible to collect data relative to 
herbage production. Fairly complete and comprehensive data on the ground cover con- 
tribution of the sown and other species have been accumulated and those will be discussed 
at some length in this article. 

Perennial Ryegrass Strains. 

Three series of trials were sown which afforded comparison between ceiiiain strains of 
perennial ryegrass. These were, sown in the years 1940, 1942 and 1943, and the seeds 
mixtures are given in Table I. 

In 1940 a perennial ryegrass, timothy, red clover and white clover type of mixture wm 
used and the three strains, commercial, S.23 pasture tyi>c and 8.24 leafy hay type, were 
com|)ared together with two mixtures containing varying proportions of commercial and 
8.23 perennial ryegrass. This series of mixtures was sovti at eight centres. The mixtures 
sown in 1942 and 1043 were very siniUar in that each year two series were sown, one being 
a perennial ryegrass and cocksfoot mixtims and the other a perennial ryegrass and timothy 
mixture. In both years the.so grasses were sown with Italian ryegrass, red clover and white 
clover and trefoil. In 1942 alsike was a constituent common to all mixtures, wliile in the 
1943 trials subterrai>ean clover was included in one of the mixtures. 

In the 1940 series of perennial ryegrass mixtures small quantities of other species of 
grasses, clover and herbs were sowm in all the five mixtures as “ indicator species ” wdiich 
included meadow^ fescue 8.53, cocksfoot 8.192, creeping red fescue 8.50, smooth-stalked 
meadow grass, alsike, crested dogstail, trefoil, sainfoin, lucerne, Lotus nmjor, burnet and 
chicory. The seeding rate of each of these indicator species w as two ounces per acre. 

Data concerning the behaviour of the various perennial ryegrass strains have been 
obtained from relatively simple mixtures in which perennial ryegrass was sow 7 i w ith co(^ks- 
foot or timothy, plus rod and white clover. 

Ground cover analyses were carried out on thi^ 1940 sown trials in 1943 and 1945, ?.c., 
in the third and fifth harvest years. The percentage contribution of perennial ryegrass as 
measured by ground cover in these years is given in the follow ing statement .* — 



Per cent, gromid cover 
perennial ryegraas 

Strain of 

pommial ryegrass 


Kango 194.3 


Mixture 
Mixture 11 
Mixture III 
Mixtuie IV 
Mixture V 

From 115.5 to 34 

25 to 52 
„ 47.5 to 62 

,, 27.5 to 44 

„ 34.5 to 39.5 

U 5-16.5 

22 —38 

42 —47 

21 —41 

Commercial 

Aberystwyth S.24 

Aberystwyth 8.23 

Commercial and S.23 in ratio of 3 : 1 
Commercial and S.2.3 in ratio of 1 : 1 


♦see Table I fer details of seeds mtouires. 
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Although there was considerable variation between individual centres in the amount of 
perennial ryegrass contributing to the swards, at every centre commercial ryegrass was the 
least plentiful in both the third and fifth years, while without exception the S.23 strain 
produced the most dominant perennial ryegrass sward. The behaviour of the strain S.24 
was intermediate between the above two strains. It is interesting to note that the mixing 
of strains had a direct influence upon the resultant sward much as would be expected 
from a knowledge of the individual behaviour of the strains. Thus, even in the third harvest 
year, the influence of the multi-tillering S.23 had markedly increased the contribution of 
ryegrass to the sward, even when sown with commercial in a 3 : 1 ratio. These data are borne 
out again by the figures for the fifth harvest year. 

The results of ground cover analysis of sw'ards, as set out in Tables II to V, are averages 
drawn from a large number of trials which have received normal farm management. The 
majority have been grazed in each year but a few were cut for hay, eithe in the first or second 
year, 

TABLE II. showing per cent, ground cover of peitmnial ryegrass and cocksfoot derived 
from various strains. 1942 sown mixtui*eH. 




|X»r cent, ground cover 

|.>«r cent, ground cover 

Perennial ryegrass 

Cocksfoot strains 

of Perennial ryegrass 

of Cocksfoot 

strains. 




— 

— 



1 


1943 

1945 

1943 

1945 

{/) Irish (commercial) 

U.S.A. (commercial) j 

32.8 

19.6 

5.1 

5.0 

(ti) S,24 (leafy hay) 

S.37 (leafy hay) 

34.2 

23.2 

7.4 

10.8 

(m) 8.23 (pastvu'e) 

S.143 (pasture) i 

49.6 

43.2 

6.6 

7.7 

(ir) N.Z. mother seed 

N.Z. cert, mother seed i 

33.2 

23.6 

.5.8 

9.7 

(m) N.Z. pedigree .seed 

N.Z. iJed., C.23 

! 32.6 

29.5 

4.2 

4.0 

(r6) Mixed strains 

Mixed 

38.7 

26.1 

6.7 

11,6 


TABLE III. showing per cent, gro\ind cover of |x?rennial ryegrass and cocksfoot derived 
from various strains. 1943 sown mixtures. 


Perennial 
ryegrass strains 

( Wksfoot strains 

IV'r cent, ground cover in 1946 

Perennial ryegrass 

Cocksfoot 

Irish 

U.S.A. 

23.6 

6.2 

S.24 

8.143 

29.6 

12.2 

S.23 

S.143 

46.1 

6.2 

N.Z, mother seed 

N.Z. cert. m.s. 

30.6 

6.6 

N.Z. H.I. (Short rotation) 

N.Z. cert., ped., C.23 

1 

24.0 

3.0 


TABLE IV. showing per cent, ground cover of perennial ryegrass and timothy, derived 
from various strains. 1942 sown mixtures. 


Perennial ryegrass 
strains 

Timothy strains 

per cent, groimd cover 
of pei'onnial ryegrass 

per cent, ground cover 
of timothy 

1943 

1945 

1943 

1945 

Irish 

U.S.A. 

33.0 

29.1 

2.7 

7.0 

S.24 

U.S.A. 

38.1 

35.2 

1.9 

6.9 

N,Z. TOOtlier seed 

U.8.A. 

44.6 

43.6 

2.4 

4.1 

10 lb. Iri8h4 6 lb. S.23 

S.51 

38.5 

46.6 

2.1 

5.3 

do. do. 

S.48 

38.6 

1 

38.9 

7.2 

9.2 
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TABLE V. showing per cent, ground cover of perennial ryegrass and timothy derived from 
various strains. 1943 so^-n mixtures. 


Perennial 
ryegrass strains 

Timothy strains 

Per cent, ground cover in 1945 

Perennial ryegrass 

Timothy 

Irish 

U.S.A. 

26.2 

5.1 

S.24 

S.51 

31.. 5 

4.0 

S.23 

S.48 

42.8 

7.5 

X.Z. cert, mother seed 

8.48 

30.8 

10.1 

1 


In the 1942 sown trials the contribution of the various strains was estimated in the 
first (1943) and third (1946) harvest years, w^hile in the case of the 1943 sovm trials, ground 
cover analysis was made in the second harvest year (1946). Commercial perennial ryegrass 
(Irish) has contributed less to the ground cover than any of the other strains (Tables II toV). 
In this respect, there wa.s a high degree of uniformity throughout the trial centres although 
on occasion there was no significant difference between commercial and either S.24 or New 
Zealand certified. The behaviour of Irish ryegrass appeared to be more similar to the other 
strains where the sw ards had been put up to hay and imder conditions of higher-than-average 
soil fertility and when intensity of grazing was not heavy. When standing hay crops were 
inspected it was appaiimt that the quality of the herbage product by S.24 and N.Z. 
wu’tified strains w as superior to that of the commercial in that the latter carried a low er leaf 
to stem ratio than the former two strains. 

At the majority of centres the Aberystwyth 8.24 and the New’ Zealand certified strains 
were fairly similar in their contribution (Tables II, III, V), although there is a distinct 
difference in their bt^haviour in the swards in the ryegrass-timothy series sow n in 1942 
(Table IV), in which the Now Zealand strain contributed better than S 24 in both the first 
and the third years. The probable explanation for this divergence in the behaviour of the 
two strains may he found in the fact that the sites chosen for the perennial ryegrass and 
timothy mixture wore generally on soils retentive of moisture (heavy loam or clay) and at a 
higher fertility level than those for the ryegrass/cocksfoot series of the same year. This 
conclusion is supported by field observations and by the fact that all the perennial ryegrass 
strains have performed relatively l)etter in the ryegrass/timothy series. It would thus 
appear that, while on soils of average fertility, there is little difference in the agronomic 
behaviour of S.24 and New Zealand certified, under conditions of high fertility the latter 
may dominate the swrard. 

The higher contribution made throughout by the pasture strain, 8.23, compared w ith 
other strains, has been a uniform featui’e of all the trials (Tables II, III & V). At no centre 
has its contribution to the ground cover been exceeded by any other strain and with 
increasing age of the ley, the difference tends to be still more in favour of S.23. 

In the ryegrass and cocksfoot trials, sown in 1942, New’ Zealand pedigree jxjrennial 
ryegrass was used at a limited number of centres but in no case did this differ markedly 
from the mother seed strain. The New Zealand pedigree seed is one generation nearer to 
stock seed but so far in our trials, no agronomic differences have been revealed between the 
two grades. No distinction, therefore, is drawn betwwnthem in the course of the present 
article. 

Tlie differences beltween the contribution of the commercial, 8.24, New’ Zealand 
certified and S.23 strains tend to widen at least up to the third year. The results fcom our 
earlier trials suggest that there is a further widening in later years, particularly in the case 
of the pasture strain, S.23. This is a manifestation of the greater persistency of the pasture 
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strain, S.23, while the least persistent has been the commercial strain with S.24 and New 
Zealand certified, together assuming an intermediate position. 

The habit of growth of the perennial ryegrass strains remained remarkably uniform, 
irrespective of variations in soil fertility or of local climatic conditions. In all situations, 
S.23 gave rise to the most dense sward, commercial ryegrass conversely the least dense, 
with the other strains intermediate. The S.23 strain was from two to three weeks later in 
commencing active growth in the spring but it continued growth much later into the autumn 
than the other ryegrasses. There was no marked difference between the hay strains (S.24, 
New Zealand certified, or commercial as regards earliness of spring growiih, all being equally 
early. The higher leaf to stem ratio of S.23 was most marked at time of normal flowering 
in May and June, indeed, under satisfactory rotational grazing, few flow^ering stems were 
produced at any time on the S.23 plots. 

The relative palatability of the strains showed marked seasonal variations. I>uring the 
early spring the pasture strain S.23 was distinctly less palatable than the other strains ; 
the latter, at this season, exhibited no constant observable difference in respect of palatability. 
With tlie production of flowering heads, the relative order of palatability changed so that at 
mid-season the S.23 became the most jjalatable. Within a normally palatable species as 
ryegrass, therefore, palatability shows a seasonal fluctuation and is directly associated with 
succulence and rapidity of leaf growth. Leaf is normally more palatable than stem, while 
the relative palatablity of leaf qua leaf is apparently a function of rapidity of leaf production 
and growth. It is interesting to note that although the S.24 and New Zealand certJfied 
strains produce flowering heads almost to the same extent as the commercial lots, the 
former maintained their production of leaf to a greater extent at this period of growth than 
did the commercial perennial ryegrass. 

A strain of ryegrass known as short rotation (H.I.) ryegrass ’’ provided by the New' 
Zealand Department of Agriculture, w'as tested at a few centres in 1943. This strain is a 
hybrid derivative of pt^rennial x Italian ryegrass. The data (Table III) show that the strain 
has persisted, up to the end of the second year, as well as the Irish perennial ryegrass (Italian 
ryegrass had virtually disappeared by the end of the first year). This strain (H.I.) has a 
longer season of growth than any perennial ryegrass strain included in these tests; the 
production of inflorescences is also less than in perennial ryegrass strains, wdth the exception 
of S.23. At all seasons H.I. appears to be outstandingly palatable, comparable in this 
respect with Italian ryegrass. Recovery after grazing is very rapid, particularly under 
fertile soil conditions. 

The influence upon the resultant sward of sowing mixed strains was quite apparent 
throughout the trials and corroborated the observation made in earlier trials. 

Cocksfoot Strains, 

Cocksfoot is generally used in conjunction with other grasses in seeds mixtures and in 
the majority of the trials now reported upon, cocksfoot has been used in mixtures as a 
subsidiary species to ryegrass. 

In 1937 a perennial ryegrass and cocksfoot with clover type of mixture was used, con- 
sisting of Italian ryegrass 4 lb., perennial ryegrass 16 lb., cocksfoot 8 lb., rough stalked 
meadow grass 1 lb.,, red clover 3^ lb., wild white clover 1 lb. There were ton centres at 
which this type of mixtur e was used. At each centre two mixtures were sown, (a) consisting 
wholly of commercial strains, (6) consisting of three parts S»23 and one part commercial 
ryegrass with pedigree strains of cocksfoot. Five of these trials were still in existence in 
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1941/42 ; two comparing S.37 and three comparing S.146* with the Danish cocksfoot. 
The percentage contributions of these cocksfoot strains are presented in Table VI and the 
percentage contributions of the cocksfoot strains sown in the 1942 and 1943 series appear 
in Tables II and III. In each instance, the accompanying strain of perennial ryegrass is 
given together with the latter’s (jontrilnition to the sward. 

TABLE VI showing the per cent, ground cover contribution of cocksfoot and perennial 
ryegrass strains used in mixtures sown in 1937. 


j)er c«nt . ground cover 


Perennial ryogrtiss strain. 

(’ocksfoot 

strain 

m 

1941-42 


Perennial 





ryegrass 

Cocksfoot 

(i ) Commoreial only ... ... ... ... ... j 

{ii) S. 23 and Commercial (ratio .3 : 1) 

Danish i 

7 

15.5 

j S.14<) 

11 

30 

{t) Commercial only 

Dani.sh { 

15 

15 

(n) »S. 23 and commercial (ratio 3 : 1).. 

' S.37 

17.5 

26.5 


As a rule the hay strains and pasture strains w^ere sown in separate mixtures and it is 
necessary to interpret the (nmlribution of any particular strain of, say cocksfoot, in relation 
to that of the accompanying strain of perennial ryegrass. The Danish cocksfoot in the 1937 
trials and the U.S.A. cocksfoot in the 1941/42 trials, although sowm with the least ptu’sistcnt 
(commercial) ryegrass strains, both coTdributed less to the swards than the bred strains, 
although the latter were in association w ith the more aggressive strains of ryegrass. The 
competitive influence which x^orennial ryegrass exerts upon cocksfoot is well marked in the 
1943 trial (Table III). Thus, in the second year (1945) S.143 cocksfoot contributes 12.2 
per (;ent. to the ground (;over when sown with S.24 ryegrass, while it only contributed 6.2 
per (^ent. when sown with the more aggressive 8.23 ryegrass. 

The pasture strain, S.143, w^as considerably more i>ersistent than any of the other 
strains, giving rise to more abundantly tillered plants; these characters were very evident 
under conditions of lower fertility and relatively hard grazing. Under conditions of high 
fertility and when the grazing was by cattle, 8.37 and Now’ Zealand certified mother seed 
proved as persistent as 8.143 upto the third or fourth year after sovdng. U.S.A. cocksfoot 
was earlier in commencing growth than other strains but rapidly produced flowering heads. 
Aftermath growth was poorer in the case of U.S.A, cocksfoot than any of the other strains. 
The vS.37 and New' Zealand certified mother seed represent tyjjes intermediate between the 
two extremes of U.S.A. and 8,143 cocksfoot. They were slightly later than the U.S.A. in 
commencing spring growth but they recovered well in the aftermath and after grazing, 
while also remaining green when U.S.A. strains suffered from frost ‘*burn.” The New 
Zealand pedigree strain, C.23 cocksfoot, w'^as sown at a limited number of (centres but the 
figures are not directly comparable with those of the other strains. Fi’om observation, 
this strain produces plants which are slightly denser and better- tillered than those from New' 
Zealand mother seed although not so multi- tillered as the Aberystwyth strains S.143 or 8.190. 

Table VII presents the mean ground cover analyses at eight centres in 1943 (third 
year) for the ryegrass-cocksfoot swards sown in the 1940 series. 


♦8.146 is of the same general (mop) type as S.143, 
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TABLE VII. showing the per cent, ground cover in the third harvest year .* cocksfoot 
strain series. Sown 1940 at eight centres. Analysis 1943. 





Mixtures 

lb. 



I 

11 

III 

! 

V acre 


Italian ryegrass 

- ' 

— 

- 


— S 

Irish all mixture 

J Perennial ryegrass 

2.5.9 

20. H 

IS. 5 

17.4 

18.1 10 

lri«j]» all mixture 

Cocksfoot 

.*5, 6 

9.4 

22.3 

2 : 1.3 

15.0 16 : 

1 Danish, II S.191, III 



1 




S.192, IV S.190, V. Mixed 

Rough -stalked meadow 

10.0 

10.1 

8.2 

S.l 

9.6 1 

Commercial 

graas 







Unsown grasses 

14,8 

! 

17.0 

10.0 

12.2 

15.4 j 


Red flox’^or 

2.6 

1.4 

0.9 

1.1 

2.3 j 4 

J Mont.. II-V S.123 

White clover 

21.6 

26.9 

25.5 

24.0 

25.5 1 2 

T S.IOU, II-V Kentisli 

Miscellarieous weeds 

8.0 

5.5 

5.5 

6.5 

6.3 


Bare Ground 

10.9 

9.4 

9.1 

7.4 

7.8 



100 

100 

100 

100 

100 j39 1l>. 

1 



In the earlier trials, Danish cocksfoot was used as the standard but later, when Danish seed 
was not available, U.S, A. cocksfoot was used as the standard commercial strain. Experience 
has shown that the U.S.A. and Danish type are closely comparable in their field btihaviour, 
both being early, few-tillercd and relatively short-lived. Of all strains under observation 
in these trials, Danish and U.S.A. cocksfoot made the smallest contribution by the third year. 
In aU seasons they were less abundant than the pasture strains but in the first year S.191 was 
less plentiful than the Danish ; the 8,191 leafy type hay had the appearance of being poor 
in initial establishing power. , 

The three bred strains of cocksfoot used in the 1940 sowings (Table VIT) have not been 
placed on the market. 8.191 is a leafy hay type which had considerable promise but 
unfortunately, produced seed of low viability. Largely for this reason it has been dis- 
(jarded, 8.192 was of the ‘ ‘ mop ” type, resembling 8.143 and showing no advantage over 
the latter. The strain, 8.190, is a fairly fine-leaved close-tillered type, representing forms 
found in the old pastures of Leicestershire. 8.190 shows considerable promise as a strain for 
long duration leys and we feel there is sufficient evidence in its favour to warrant going ahead 
with commercial multiplication. 

The eight centres at which the 1940 cocksfoot was sown ranged from Durham to Corn- 
wall, and varied in altitude from about 200 feet to 1,300 feet above sea level ; it is interesting 
to note that both pasture strains did equally well at all situations and there was no indication 
that any particular environment favoured one pasture strain more than the other. 
Earliness of spring growiih was in reverse order of the persistency of the strains. Danish 
cocksfoot was the least persistent of the strains under test ; S.191 (hay type) proved rather 
more persistent though initially less well established. The tw'o pasture strains, S.192 and 
8.190, were markedly more persistent and obviously fall into a distinct group of their own 
in sharp contrast to the hay strains. 

Timothy Strains. 

The mixtures used for comparison of timothy strains have, in all cases, included perennial 
ryegrass, timothy, red and white clover also with rough stalked meadow grass in 1937 and 
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1940. In 1937, 1942 and 1943, the timothy strains varied with the perennial ryegrass strain 
and the contribution to the sward of both species is given in Tables IV, V and VIII. In 
1940, direct comparison of the strains was obtained from a few centres and the content of 
timothy at individual centres of this series in the different years, is presented in Table IX. 


TABLE VIII showing the per cent, ground cover contribution of timothy and perennial 
ryegrass strains used in mixtures sown in 1937. 




per cent, groimd cover in 

Perennial ryegrasK strain 

Timothy 
at rain 

1941-1942 



Perennial lyograss 

Timothy 


{i ) Commercial 

('ommercial 

.30 

11 

{??) S.23 and commercial (ratio 3 ; 1) 

S.48 

' 28 

23J 


TABLE IX. showing the per cent, ground cover contribution of various timothy strains for 
trials at three centres, sown in 1940. 



(Jontro No. 3 

Centro No. 4 

Centre No. 7 


1941 

1942 

1941 

1942 

1943 

1942 

1943 

C!ommorcial 

i 

4 

« 

10 

114 

10 

7 

S,51 (leafy hay ty|>e) 

SJ 

13 

a 

9 

13 

12 

64 

S.4R (pasture-liay type) 

12 

27 

Hi 

19i 

264 

17 

104 

S.50 (pasture type) 

13^ 

11 

15i 

314 

404 

l«i 

204 

Mixture of four strains 


44 

74 

10 

17 

17 

11 


As regards contribution to ground cover, there has been little to choose between U.S.A. 
and S.51. As hay, the latter w as always more abundant than the former, while, in addition, 
8.51 produced a more leafy hay than the commercial strain. Under pasture conditions, 
8. 48 (pasture-hay) always contributed considerably more to the sward than either U.S.A. 
or S.51 even in the first year after sowing, while by the third year, the difference tended to 
widen. The pasture typo, 8.50, proved to be the most persistent and spreading of the 
timothy strains under observation but in productivity, it w^as decidedly poorer than the other 
strains. 

The difference in earliness of spring growi^h w^as not marked as betwwn the commercial, 
8. 51 and S.48 strains, whereas 8.50 W’as distinctly later in spring but provided better growi}h 
in early autumn. 

It is of interest to note that the 8.48 and 8.50 strains in particular w^ere capable of pro- 
ducing hard-w^earing sw^ards which could carry cattle during late autumn and early w inter 
without undue damage by poaching. This is true where timothy has been used as the 
dominant grass in the mixture and w^here the competitive ryegrass has been omitted or sown 
in very small amount. 

White Clover Strains, 

The strains which have been under observation in these trials, include Kentish or 
certified wild white clover, S.lOO, New Zealand uncertified, New Zealand certified mother 
seed and New Zealand pedigree seed. 

The actual quantities of white clover present, as expressed by ground cover, may bear 
little relation to the strain sown, since the proportion of white clover will often be a reflection 
of the persistency and aggressiveness of the gramineous components of the sward. From 
observation one can, however, state that the large-leaved strains of white clover, as re- 
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presented by S.lOO and the New Zealand certified strains, persisted in adequate quantity 
for three or four years under conditions of average fertility. Under the poorest conditions, 
on thin soils and hill lands, the large-leaved types tended to disappear in the second or third 
year but under high fei*tility conditions these strains showed little signs of diminishing, 
even in the fourth or fifth years. Where large-leaved types were sown, smaller-leaved 
t^rpcs usually made an unsown appearance in the sward and these increased in quantity with 
the age of the ley. These smaller-leaved types presumably represented indigenous forms, 
the seed of which would be present in the soil, particularly where the ley had followed 
immediately after old pasture. The dispersal of seed through animal agencies, no doubt, 
also plays an important part in the appearance and spread of these indigenous types. 


Bed Clover Strains. 

Ill the various seasons we have tested the behaviour of the several strains and types of 
red clover, including English broad red and various contrasting types of late flowering red 
clover. As would be exj)ected, broad red clover has failed to persist in any quantity after 
the first harvest year ; a few weakly plants are to be found in the second year, while none 
remain to contribute to the swards in the third and later harvest years. American Mammoth 
red clover is of the late flow^ering type but under the conditions of the trials, it also failed to 
make telling contribution to the sw^ards after the first year, being therefore little more 
persistent than English broad red clover. Cotswold late -flowering red, made good contri- 
bution in the second harvest year at most centres but made only minor growth in the third 
year. Montgomery red clover (including New Zealand grown seed) and Aberystwyth 
8.123 made an important contribution in the first and second years and even in the third 
and sometimes in the fourth year there were individual plants w^hich made robust growth. 
The data shown on Table VIl are fairly (characteristic of the behavioiir of these (Montgomery 
type) strains in the third harvest year, making an average contribution of about two jyer 
cent, to the ground cover. In these trials, 8.123 has not persisted appreciably better than 
Montgomery red, although, on the whole, the proportion of dense high tillering plants is 
greater in 8.123. ^ 

Subterranean Clover. 

Subterranean clover was tested in the 1943 series. One pound per acre of a mid-season 
strain of subterranean clover w as added to mixture 1 at all trial centres established in 1943. 
Its behaviour upon light sandy soils in the lowr rainfall areas of England is being further 
investigated in another series of trials. The germination of the subterranean clover and its 
early establishment was everywhere good but the quick establishment of a close, and often 
dense sward as usually acliieved in this country, proved detrimental to the full development 
oi this clover. Nevertheless, it has shown some qualities of persistence up to the autumn of 
1945 and at this date seedlings w^ere establishing at the majority of centres. Under suitable 
climatic conditions, these seedlings would persist to produce plants in the following year. 
In 1945, the second year after sowing, subterranean clover plants were observed in the 
spring and early summer, and as seedlings in the autumn, at nineteen of the twenty-five 
trials at which critical ground cover analysis was carried out. However, it was at only one 
centre that subterranean clover contributed more than white clover to the sward. At the 
great majority of centres, the relative abundance of the tw^o species was distinctly in favour 
of white clover. At the single centre, where subterranean clover was the more abundant, 
it contributed five per cent, of the ground cover, white clover contributing three per cent. 
The soil was a sandy loam. With this single exception, the inclusion of subterranean clover 
in mixtu res xtpon soils ranging from light loams to heavy clays has not been justified. Where 
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white clover can be Buccessfully establiBhed and maintained as is the case over the greater 
part of Britain, it is likely to be a far more valuable herbage plant than subterranean clover 
for sowing in orthodox mixtures designed for long duration leys. 

GENERAL DISCUSSION. 

The wide distribution of the trials laid dow'^n from 1940 to 1943, has afforded an 
opportunity to observe, under normal farm conditions in England, the relative behaviour 
of a large number of species and strains included in modern seeds mixtures for temporary 
and permanent pastures. 

The main emphasis throughout is on the comparative behaviour of the different strains 
within the chief grasses and clovers. In general, the trends of evidence are similar through- 
out the trials ; in most cases the extreme pasture types have shown to advantage in regard 
to persistency, leaf production, tillering and therefore tend to dominate the swards in the 
later years of the life of the ley. The more lax (hay) strains have, on the other hand, made 
earlier growth in the spring, some of the bred hay types showing good persistency and sward- 
forming ability, particularly on land in good heart. Some of these strains, such as S.24 
ryegrass and S.37 cocksfoot, make good pasture types on fertile soils. 

It has also been possible to judge whether particular strains respond differently under 
contrasting climatic, soil and fertility conditions. Data have been collected relating to 
the influence of grazing managen^nt as experienced under commercial farming conditions. 
Broadly, all the strains of grasses and clovers have behaved in much the same relative manner 
when compared one to another in their gross characters of morphology, persistency and 
palatability under the varying conditions. Probably the most constant relative behaviour 
has been observed in that of habit of growth, such as, in the case of the grasses, their 
tillering powers, density of growth and leafiness. The persistency of a particular strain 
has varied quite appreciably according to fertility conditions and grazing management 
but the trend of the effects of these conditions has been in the same direction when the 
behaviour of different strains was compared. Marked differences between strains occur 
in their relative persistency and the superior persistency of the bred pasture types is most 
marked under conditions of average to low^ soil fertility , particularly where there is adequate 
or high rainfall. Under these conditions, the superior persistency of the bred pasture strains 
appears early in the life of the ley, while with increasing fertility, the difference between 
the non-bred together with the bred hay strains and the pasture strains does not appear so 
early in the life of the ley. On really fertile soils the commercial grasses persist fairly well ; 
this is perhaps more true of ryegrass than of either cocksfoot or timothy when sown in 
mixtures with ryegrass. 

At any given level of soil fertility the type of grazing management has an overriding 
influence upon persistency. Continuous hard grazing always has a detrimental effect upon 
the longevity of the better grasses. This effect is inversely proportional to tillering in the 
particular strain. The pasture strains of perennial ryegrass, cocksfoot and timothy arc all 
better tillereed than the leafy hay strains, the commercial strains being still less w ell tillered. 
Under conditions of hard grazing the commercial strains die out more rapidly than the 
pasture strains over the whole range of fertility conditions. 

With irregular grazing or too lenient grazing, the pasture and pedigree hay types fare 
no better than the commercial ,* all tend tb be suppressed by unsown weed grasses such as 
Agrosiisy Yorkshire fog and soft brome. Under these latter conditions, however, the large “ 
leaved types of white clover, such as S.lOO and New Zealand certified strains, w^re less 
affected by undergrazing than the more prostrate wild white clover. 
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TABLE X. To show the influence of environmental factors^ , upon atrain behaviour. 
Percentage ground covers at selected centres in 1945 (fourth harvest year). Mixtures sown 
1941 (except IB). 


C'entro 

TA 

2 . 


1 

1 ^ 

;a 

4A 

IB 

Tounty 

Norfolk 1 

Leicester 

Bucks. 

Staffs. 

HerefortL 

Mixturos 

IWU. 

comm. 

ptKl. 

lUHnm. 

]»cd. 

comm. 

}>ed. 

comm. 

ped. 

comm. 


Jll 

TV 

HI 

TV 

in ! 

IV 

in 

TV 

Ill 

1 

Poronnial ryepuiss 

3L».r» 

1 l.O 

34.5 

2S.5 

23.0 

21.0 

27.0 

13.0 
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lA : (’lose rotutiunal grazing, good fertility, adenuati^ .soil moist me. 

•JfA : Rotational grazing, good fertildy, low soil moisture. 

,‘JA : Lenient grazing, goo<l fertility, low soil moisture,. 

4B : Rotational grazing, low fertility, heavy manuring, high i-ainfall. 

IB : Hard sheej) glazing, low fertility, high rainfall. 

To illustratt* th(‘ influeiKje of grazing inanagtuneni and soil fertility upon the growth 
and ptTsistoncy of contrasting strains the alnalyses made in 1945 are of interest. These 
data fioin et^mparative mixtures at a number of individual centres are given in Table X, 
Th(^ ‘ A ’ series of centres art' from the 1941 sown trials ; pedigrw mixture III contains 
a proportion of pedigree grasses and clovers, while mixture IV is composed entirely of 
commt'rcial strains. At centre I A the management was dost' rotational grazing and fertility 
conditions were good. Tlie trial v as situated on the coastal marshes of Norfolk and the 
conditions of tlic soil moisture were good. In this instance the jMTsisteney of the pedigree 
jyegrass was markedly greater than that of Irish, Tlie behaviour of th(‘ timothy strains 
was similar but that of the cocksfoot was reversed. 

Centre 2A is on fertile heavy loam in Leicestcrsliire, under conditions of good rotational 
grazing. Althougli the persistency of the Irish |K?rennial ryegrass is not as good as where a 
proportion of pedigree was used, the difference is not great . Wid<^ differences are, however, 
obtained in the behaviour of the timothy strains. Differenci's between the perennial rye- 
grass complement of the swards were small at centre 3A (Buc^kingham) when^ grazing was 
lenient. The standard of soil fertility liere was good (a heavy loam) in medium to low 
rainfall. The grazing management, how^ever, has resulted in a high proportion of cocksfoot 
where wdigree strains have been used (Mixture III), ('entre 4A is an example of centres 
establi^ed on poor acid millstone grit at an elevation of 900 feet but supported by adequate 
liming and liberal phosphate manuring at the time of sowing and again in the autumn of the 
first and second harvest years. At this centre, the pedigree strains of all the sown grasses 
have proved superior to the commercial strains. The seeds mixtures sown at centre IB was 
that of the ryegrass -cocksfoot series sown in 1942 (Table I). Fertility conditions here 
wx^re poor, initial phosphatic manuring w'as inadequate, w^hile the annual rainfall is about 
45 inches and the elevation around 600 feet. Grazing was, at all seasons, very hard ; the 
disparity in the proportion of perennial ryegrass in Mixture III and I, S.23 and Irish respect- 
ively, is very wide, w^hile from the low proportion of cocksfoot in both swards, it is obvious 
that the intensity of grazing was too severe for the survival of either strain. 
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NOTES ON INDIVIDUAL STRAINS. 

The following are brief cleseriptionH of the morphological charactern and behaviour 
in the sward of the various strains of grasses and clovers used in the series of trials which 
are reported above. 

R yegrasH Strains . 

Perennial ryegrass — Irish. This strain commences growth at tlu‘ same time as the pedigree 
S.24 and New Zealand certified Individual plants arc few tillered and not persistent. 
Under the majority of conditions, sw ards derived from Irish perennial ryegrass are character- 
istically o}>en compared with sw'ards derived from the more leafy strains. Compared with 
the piistiire type, S.23 and pastiirediay type‘, S.lOl, Irish ryegrass produces itiflorc'scences 
in great abundance in late s{)i ing and early summer. 

Perennial ryegrass — New Zealand certified seed. The New Zealand certified perennial 
ryegrass, now^ exported to this country, is derived chiefly from bred strains at different 
stages of multiplication. In thes(» trials there was no evidences to suggest that pedigree seed 
differed mattTialJy from motlier seed in its behaviour in the field The type is (considerably 
more persist c^nt and better tillen'd than Irish ptTennial ryegrass and is (comparable to 
Al)f*rystwyth S,24. As hay, Nc'W' Zealand (certified ryegrass gives a higher pro])ortion of 
J(mf to stem coiu])ar(Ml with Irish ry('grass. The trials tended to sliow that New Zealand 
(C('rtified ry('grass re({uires a high level of soil fertility for full development under which 
(conditions it can contributi^ a higher })ro]K)rt-ion of ryegrass to the sward than any other 
strain with the exc ept ion of *S,23. Although the N(‘w Zealand strains ])roduce an abundance 
of inflor(‘S(cenc(‘s, leaf production is maintained better during this phase than is the case in 
Irish percumial ryegrass. The New^ Zcniland strains wen* highly resistant to yellow' rust and 
this feature* w'as largely tnn* tliroughout the trials. 

Aberystwyth S.24 leafy hay type perennial ryegra^ss. Spring growth (jommences in this 
strain at approximat(*ly the same time as in Irish ryegrass but owing to its gr(*at(^r tillering 
caj»acity, th(^ total (juantity of leafage*, jaoduced is greater than in the case of the latter. 
Under grazing (‘onditions, stem production is less than in Irish and, as is the case with New 
Zealand jierennial ry(‘grass, the juoductioii of leafage during summ(*r and autumn is also 
proportionally better than in Irish })(*rennial ryegrass. 

Aberysfwifth N.23 pasture type perennial ryegrass. The main filature which distinguishes 
this strain is its high tillering capacity, wliich r<*nders it able to produce a dense j)crsistent 
sward wh(‘n pro])erly managed. It is from tw*o to thriH* weeks later than the hay strains in 
(commencing active spring growth and is similarly lat(*r in running to stem. Under suitable 
conditions the strain produces few^ inflorescences but an abundance of leafy herbage. It 
continuers growth latc'r into the autumn than other strains of ])er(*nmal ryegrass we have 
had in the trials. 

Aberystwyth AMOl perennial ryegrass. This strain has not been sufficiently widely 
tested in the above trials. In some respects, it is intermediate between the S.23 and S.24 
but in its general behaviour as a pasture or hay plant when us(*d in mixtures, it is closely 
similar to 8.23, 

Italian ryegrass strains. Three types were tested in trial mixtures, namely, the Irish 
type, the New* Zealand pedigree and New’ Zealand mother seed. No difference was observed 
between the last tw'o strains but both w^ere more persistent than Irish, individual plants 
being considerably better tillered and the ratio of leaf to stem higher. 

/Short rotation ryegrass. H. I. ( New Ztextkmd). This strain is derived from the hybrid- 
isation of Italian and perennial ryegrass . Individual plants vary cons iderabJy in morphology' 
and exhibit characters approaching both parents. In the trials, the strain has persisted 
up to the end of the second year about as well as Irish perennial ryegrass. Swards derived 
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from H.I. showed that it has a longer season of gro\^i)h than perennial ryegrass. It is leafy 
and not prone to run to stem and seed, while it is also highly palatable. Recovery after 
grazing is rapid, particularly under fertile conditions. 

Cocksfoot Strains. 

Danish and U.S. -1. The former strain was used only in the 1937 and 1940 sowings, 
while subsequently U.S. A. cocksfoot was used. Both strains are j}oorly tillered, producing 
lax, erect plants with broad tillers and a high pro])ortion of fertile shoots. Flowering 
<*ulm8 carry a minimum of leafage. Hay ])roduced from these* strains tends, therefore, to 
be coarse and stemmy and of low nutritive value. Only under a system of lenient grazing 
are these strains persistent. 

New Zealand certified mother seed. This strain commeii(;es rrowth later than Danish 
or U.8. A. cocksfoot but it more persistent and leafier than the commercial types. It closeh^ 
approaches S.37 cocksfoot and like the latter is more suited to the better fertility conditions 
and cattle grazing, or for the production of leafy hay. 

New Zealand certified S.23 pedigree. This strain has not been subject to extensive 
trials. In type it is slightly better tillered than the mother seed (toeksfoot although not so 
well tillered as the pasture ty])e 8.143. In general character it belongs t o the group of leafy 
hay tyi>es such as 8.37 or N(n\' Zealand c€*rtified motlu‘r seed. 

Aberystwyth S.31 leafy hay type. This strain commenc*es spring growth later but it is 
very much better tillered than commercial strains. The production of inflorescences is not 
so abundant and w hen cut for hay, the ratio of leaf to st(‘m is higher and the stems carry 
far more leafage. Originally intended as a hay type, it has iiev(‘rtheless proved a very 
satisfactory grazing type for average lowland conditions, particularly w here the bulk of the 
grazing is done with cattle. 8.37 is intermediate between, the lax hay ty|K*8 and the pasture 
type, S.143. lender hard grazing, and on poor thin soils, it is not as persistent as 8.143 but 
on fertile soils and uud(‘r cattle grazing conditions, 8.37 is remarkably persistent and 
productive. 

Aberystwyth >SM43 pasture type. This is slightly later in commencing grow^th than 
8.37 and is more densely tillered. Under lenient grazing and fertile* conditions it can Ix^ 
very aggressive but as with 8.37, grazing management- is comparatively easy in that its high 
})roportion of leaf is attractive to stock. The high tillerage abilities of this strain makes it 
more suitable than 8.37 for conditions of low fertility and hard grazing. 

[The strains 8.192 and 8.146, used in some of our trials, exhibit agronomic characters 
similar to 8.143 while the geru*ral behaviour of th<^ Leicester pasture type, 8.190, has again 
been somewhat similar. All four strains fall into one closely allied group]. 

Timothy Strains, 

U.S. A. Timothy. The characters of this type which distinguish this strain from the 
strains to be described below% are its stemminess, ])oor tillering and lack of persistency, 
particularly under grazing conditions. 

Aberystivyth S.61 hay type. This strain is only slightly better tillered than the above 
and under grazing conditions, behaves very similarly. Under hay conditions the strain 
differences are more marked, the ratio of leaf to stem being higher and the stems carry long 
leaves well up the culm ; root leaves are also longer. 8.51 is, therefore, definitely a tyjx* 
suitable for the pi’oduction of short term hay leys. 

Aberystwyth 5^.48 pasiure-hay type. This type is a marked departure from the foregoing 
strains. Plants of this strain are densely tillered and the strain is capable of increasing its 
relative contribution to the sward as the ley becomes older. Under average conditions of 
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fertility and under a proper system of rotational grazing, 8.48 makes an excellent pasture 
plant. As hay it exhibits characters similar to S.ol . 

Aberystwyth H, 50 . This is an extreme pasture type, fine leaved and dense at the c^o^\’n 
and it will spread vegetatively by means of trailing stems produced in the late autumn. 
It is a most persistent strain under hard grazing conditions and may prove an invaluable 
}>asture plant. 

Hed Clover Strains. 

While the general behaviour of both broad and late flowering red clover is well 
r<H3ogni8ed, mention must, ho\^'ever, be made of the fact that the lots of English late flower- 
ing red clover used in the 1941 and 1942 trials differed little from typical broad red in 
agronomic characters. In neithijr case was the seed certified and this raises an important 
point in relation to strains in lieibage x>lants as well as the need for a sound certification 
scheme whereby both trade and farmer are assured of the genuineness of the stocks they 
liandle. 

Latc-f lowering red clover Mrains. {Single cut coivgrass). Of the certified late flowering 
strains, Cotswold late ^as the first to commence active growth in the spring. Observation 
to the end of the second harvest year showed that it jiersisted well during this period. 
The New Zealand certified Montgomery strain commenced spring growth a little later than 
(Cotswold lat(^ was very uniform in tyjie and persisted well into the second harvest year, 
with a good proportion surviving into the third harvest year. It proved to bo better 
tillered than Cotswold though not so well tillered as Aberystwyth 8.123 late-flowering red 
clover. kSpring growth in 8.123 is late relative to the other strains. Under grazing conditions 
S. 123 produces dense cushion-like plants. On the balance, 8.123 has been the most 
[)ersistent strain used in the trials though the difference between it and Montgomery red 
w as not great. 

White Clover Strains. 

The value of genuine w ild white clovei* is well known. When pro})erly manured and 
managed it was the most persistent strain under trial. 

New Zealafut uncertified while clover seed w^as used in 1 942 and 1 943 and the tw o samples 
differed considerably. That used in 1942 proved to be a small leaved type which, by tht‘ 
third harvest year, showed a definite tendency to die out. The lot of uncertified seed, 
used in the following year, w^as undistinguishable in the sw ard from the certified strains. 
This experience again illustrates the value of a proj)er and sound scheme of certification. 

Aberystwyth ^.100 tchiie clover. This strain produced large leaved plants, which under 
average fertility, persisted for the duration of the trials (four years). Under conditions of 
poorer-than-average fertility its persistency^ was reduced and it was often replaced in the 
sward by smaller leaved indigenous types. 8.100 is more productive generally than wuld 
white clover. It commences grow th earlier than wild white clover and continues growing 
later into the autumn. 

New Zealand certified pedigree and mother seed while clover. No differences in the 
behaviour of these strains w^ere noted in these trials. Plants of these strains were, on the 
whole, slightly larger leaved than S.lOO under high fertility conditions and spring growth 
commenced earlier where climatic conditions permitted. As far as could be determined, 
their i)ersi8tency is somewhat similar to that of S.lOO. 

THE INFLUENCE OF IMPROVED HERBAGE STRAINS UPON SEEDS 
MIXTURES AND SWARD ESTABLISHMENT. 

The term'* commercial strains ” is used to describe those strains which were 
not certified as conforming to a particular type. The tenn is not altogether satisfactory 
since the bred, or pedigree, strains are now in commercial use. The “ commercial strains 
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are normally open, lax and produce seed freely. This is associated with poor j)ersistency, 
especially when grazed hard and on soils of less than average fertility. 

The plant breeder has selected a range of types w hitrh have definite application in pasture 
establishment and production. Factors which have received attention include seasonal 
productivity, persistency and nutritive value; the latter, in the case of herbage plants, is 
controlled to a marked degree by the ratio of ’eaf to stein, since the leaf is higher in nutritive 
value than the stem. The advent of the new' leafy strains is bound to have an important 
influence upon seeds mixture j)rescriptions for long duration leys. 

The trend tow'ards simplification of mixture has been apparent since the days when 
Gilchrist first drew’^ attention t o the value of strain in (;o(‘ksfoot and clovers. Compared 
w ith earlier seeds mixtures, that recommended by Gilchrist, later known as the Cockle Park 
mixture, constituted a marked reduction in complexity. The present day leafy pasture 
types add further emphasis to all this. 

The data, as a w hole, are in support of the adequacy of fairly simple mixtures. In the 
1940 sown trials, upwards of a dozen * ‘ indicator sjKM*ies were added to the mixtures but in 
no case did the inclusion of these materially change the character of the sw'ards ])roduced. 
There may be some forcie in the argument that the grazing animal should not be confinexi to 
a restricted diet of grass and clover ; there may be added force in the argument that the 
herbs are of special value in nutrition. The stud}^ of the botanical sid(% however, offers 
little to suggest that the herbs and other plants w ill become established in telling amounts 
when sown as part of an otherwise orthodox type of mixture in which the predominant 
species is ryogi'ass. If a more mixed diet, therefore, is necessary, the agronomic evidence 
would indicate that the means to a(;hieve this desired end is to sow the herbs and mixed 
grasses ” in specially (lesigned mixtures from w'hi(?h ryegrass and perhaps cocksfoot w^ould 
be excluded. 

In our trials, critical examination of the swards derived from mixtur(*s compounded on 
lines similar to (Ulchrist’s mixtures, indicated that further simplification and reduction in 
the number of species employed could be effected without materially altering sward com- 
position. When pasture types of perennial ryegrass ot ciocksfoot ar(‘ used as dominants 
they may prove highly competitive and to the detriment of other sward components. Thus 
in the 1943 scenes, w here 8.143 (cocksfoot w as sown w ith 8.24 and 8.23 respectively m separate 
mixtures, the eont ributJon of 8.143 cocksfoot to the sward, when included with the pasture 
strain, w as no more than half of that with the leafy hay strain. The competitive character 
of the pasture strains in t he later years of a ley results from their capacity to tiller. In this 
way they show' marked ability to prevent sw^ard deterioration through the ingress of weeds 
and this has been a marked feature in all our trials. During the early period of establish- 
ment and up to the end of the first harvest year, the pasture strains can be suppressive to 
the point of inhibiting the adequate development of white I'lover. This can be overcome 
under pracitical conditions either by using a mixture of strains or by using ultra-simple 
mixtures and low* seed rates of the pasture strains, particularly 8.23 perennial ryegrass. 
When using low' seed rates of the above for sward establishment, a high seed rate of white 
clover, {)erferably of th(' large leaved type, is used. 

A low seed rate of a high tillering pasture strain will produce as dense and stable a sward 
as a higher seed rate of a low' tillering strain. In many ways it may be a w aste of seed to sow 
the pasture strains at the same rate per acre as has been customary with the low tillering 
commercial stmins. TIutc are, therefore, two alternatives in the economic use of the 
expensive pasture strains, firstly, the use of low' but nevertheless adequate seed rates and 
secondly, sowing onl;^' a proportion of the jwrsistent pisture strains with some of the com- 
mercial or other hay types. The former method results in the immediate production of a 
balanced sward w^hich can be maintained at a given balance by designed grazing manage- 
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ment. The change in character with increasing age of the sward is likely, thus, to be at a 
minimum. Where strains are mixed, however, the lax and short-lived hay types are bound 
to influence the character of the sward in the early years. The balance of species will then 
show a gradual change as the shorter-lived types disappear and the persistent pasture types 
gradually become dominant. Long leys of high quality can be produced by each method 
so that we have the Wo alternatives from w^hich to choose. 

SUMMARY. 

(1) The ])aper summarizes briefly tlie results of seeds mixture trials, sowm 1937 to 
1943, throughout th(' English counties. The behaviour of contrasting species and 
strains used in these trials is reported u|x)m. 

(2) As measured by area (covered, the high tillering pasture and other leafy strains 
are more persistent and distinctly superior in sw ard -forming ability than the normal 
strains of (jommerce. 

’ (3) Certain aspf»cts of jxnsistency in relation to soil fertility and grazing management 

are noted. 

(4) Obscn’vations are made* on th<i competitive influence exerted by one species on 
another when sown in mixtures. Different strains within th(5 s))ecies exhibit 
marked contrasts in tlieir ability to eomjK'te w ith other elements in the sward. 


CJRA.SSI-AND iMCUOVeMKNT StA’I'ION, 

Stkatfoiu) on*Avo»j. 


WILLIAM DAVIES. 
T. E. WILLIAMS 
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Report of the Council to the Annual General Meeting 
of Governors and Members of the Society 

1. This is the first report to ho presented hv the Council sin(‘e December, 1939. In 
each of the years siiute, a report has been made to governors and members by the Executive 
Committee to whom the conduct of the Society’s affairs was delegated on the outbreak of 
war. The last of these reports, covering the twelve months to February 1940, with the 
Accounts and Balance-sheet for 1945, appt^ared in A'olume 100 of the Society’s Jounuil 
circulated at the end of March, 1940. Many of the subjects mentioned briefly herein 
having already been dealt v ith in the Quarterly Uevieu'y it is not onsiilered necessary to 
make detailed reference to them again. 


Membership. 

2. Since the Execiutive Committee’s last report the following chang(‘s in memlHU’ship 
have occurred : — 50 Governors (including 8 transferred from the list of members under 
Bye-law 9), 1 honorary life governor and 077 new members have joined ; 2 members have 
been re-elected under Bye-law 14 ; the deaths of 5 life governors, 10 governors, 39 life 
members and 117 members have been reported : 4 life members and 3 members have been 
struck off owing to abseiu'c of addresses and 5 mmnbers struck off for arrears of 
subscription. One governor and 33 annual members liave resigned and one member 
removed under Bye-law^ 109. 

3. P'or the im^rease in the membershij) in recent months tlu‘ Society is indebted in a 
large measure to the President, Viscount Bledisloe, and to Mr. John lh)tirne, the elected 
representative on the Council of (Gloucestershire. Betw een them th(y have Ihhui responsible 
for introducing 370 new nuunbers. Other njembers have also taken a<*ti v(‘ steps to assist, the 
uew' campaign for increased membership ; references to the subject in the Society’s Quarterly 
apjxjar to be having a most stimulating effect. The Council cannot regard a total of some 
7,824 members as nearly adequate and are most anxious to strengthen th(^ position. Stejw 
to this end are being taken and members generally wdll be kept informed of progress. 

4. It is with great regret that the Council has to record the deaths of Mr. William 
Everall, of Shrewsbury, one of the Society’s Vice-Presidents ; of Mr. Leslie K. Osmond, 
the representative of Linc^olnshire, and of Captain H. A. Christy, wlio repre.sented South 
Wales. 

5. Amongst other governors and members w'hose passing the Society has to deplore 
are the Marquess of Bath, K.G., P.C., Viscount Portman, Viscount Southwood, Lord Bagot, 
Lord Colwyn, Lord (^ope, K.C., Lord Crawshaw, Lord Howard do Walden, Lord Hylton, 
Lord Keynes, C.B., Lord Lilford, Lord Magheramorne, the Right Hon. Lord Richard F. 
Cavendish, C.B., C.M.G., the Right Hon. Sir A. Griffith Boscawen, the Hon. Mrs. Smyth, 
Sir Edward Cave, Bt., Sir Richard A, Coo})er, Bt., Sir W. H. Feiklen, Bt., Sir Thomas Gooch, 
Bt., Sir Graham P. Heywood, Bt., C.B., D.S.O., Sir Thomas Lawson Tancred, Bt., Sir 
Francis Samuelson, Bt., Lieul-C'Jol. Sir Murrough J. Wilson, K.B.E., Sir R. F. Lancaster, 
Sir Albert Ball, Sir Heilant Brown, K.B.E., Sir Jesse W. Hind, Sir Crosland Graham, 
Sir Charles Marston, F.S.A., Sir S. Hanson Rowbotham, Lieut. -Col. E. H. Brassey, M.V.O., 
Mr. R. J. Colman, Dr. Harry Corner, Mrs. Foot, Mr. John R. Keeble, Mr. J. H. Macdonald, 
Mr. John Maughau, Major Eric J. W. Platt, Mr. B. G. Shorten, Mrs. T. P. Warren, Mr. G. H. 
Willis and Mr. Hugh Wyllie. 
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Humbers on Begister. 

6. These and other changes bring the total nnmber of governors and members on the 
Register to 7,824, as follows ; — 

147 Life governors, 

186 Annual governors, 

1,459 Life members, 

6,011 Annual members, 

21 Honorary members, 

7,824 Total, which eompar(\s with 7,321 at the time of th(‘ last report.. 

President for 1947. 

7. Lt.-Col. Sir Archibald Weigall, Bt., K.O.M.G., is re(*ommended by the Council for 
election as Ihesident of the Society for 1947. 

Changes in the Council. 

8. Ltu-Col. Walter Burrell has been appointed a Vice-President in place of the late 
Mr. William Everall. Mr. Herbert Jones, of Hall Farm, Honington, Grantham, has been 
elect(*d to fill a vacancy in the representation of Lincolnshire. Dr. W. G. Ogg, Mr. Henry 
Deck and Earl De La Wan* have joined the Council as '' Nominated members. 

Council Elections. 

9. County elections by groups — which were not held during the w'ar — are this year 
being resumed. Ordinary Councillors retiring by rotation at the next Annual General 
Meeting are those representing thr^ electoral districts of Group “ B,” comprising Durham, 
Yorks. (West Riding), Nottingham, Leicicster, Rutland, Suffolk, Buckingham, Essex,* 
London, Shropshire, Hereford, South Wcales, Devon, Wiltshire and Surrey.^ Governors 
and members registeied in those districts have been notified and the procedure prescribed 
in the Bye-laws is being foJlow'ed for the election or re-election of representatives to hold 
officje for the next three years. 

10. Elections are also taking place in the division of Gloucestershire, which, by vii tue 
of its increased membership, is now entitled to a second representative ; in Staffordshire, 
through the resignation of Major Dyott ; in Yorks. (East Riding), thiough the resignation 
of Lord Middleton ; in North Wales, through the resignation of Major W. M. Dugdale ; 
and in Sussex, where a vacancy has occurred for an ordinary member of Council in conse- 
quence of the election of Lt.-Col. Walter Burrell as a Vice-President. 

Lord Courthope’s Services Acknowledged. 

11. The Society's Gold Medal for distinguished services to agriculture, awarded in 
1942 to Lord Courthorpe, was formally presented at the meeting of the Council hold on 
the 11th September last, the delay in presentation being occasioned by the inability to 
obtain gold for the medal. 

loncolu Show. 

12. The Council is pleased to record that permission has been obtained for the Society 
to hold a Show at Lincoln in 1947. The decision followed protracted negotiations with the 
Ministry of Agriculture and other government departments, whose sympathetic consideration 
of the Society’s desires is hereby acknowledged. The Show w ill require to be restricted in 
size and scope, chiefly because of shortage of material and also of the demands upon labour 
for housing and other urgent problems. However, the Society is hopeful of being able 
to provide a worthy representation of livestock and displays of the new machinery which 
made possible the advance of British agriculture" during the war. Special emphasis will 
be laid on the educational aspects of the Show and the results of recent agricultural research. 
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The showground, which has been placed at the Society’s disposal by the City of LiiicK>in, 
will occupy 100 acres. 

The preparation of the Stock Prize Sheet and Implement Regulations are well advanced 
and both will be issued as soon as possible. 

13. Following on the decision to which reference w'as made in the last report of the 
Executive Committee, entries of cattle at Lincoln will be restricted to animals that have 
successfully passed the prescribed test for tuberculosis. 

Contagious Abortion. 

14. It is the Society’s intention also to require that bovine animals be accepted for 
exhibition at the Royal Show of 1949 and subsequent show's of the Society only if satis^ 
factory evidence is provided that they are free from contagious abortion. 

A leaflet on contagious abortion is now' in preparation and copies w'ill shortly be ready 
for distribution. 

Future Shows. 

15. The intention to hold the second post-w'ar Royal Show’^ at Plymouth had to Ive 
reviewed in the light of discussioirs with Plymouth Corporation, following extensive war 
damage in the area. It was mutually agreed that the Society’s visit should be postponed 
until conditions could be restored appropriately. The (Council desires to record its sym- 
pathy with the Corporation of Plymouth in the losses they have suffered and looks forward 
to the fulfilment of the undertaking to stage a Royal Show there as soon as practicable. 

16. A decision about the venue of the 1948 Show is still awaited. Unexpected 
difficulties have arisen in finding a ground at Shrewsbury. The alteriiat i ves of Shrewsbury 
and York are actively' under (consideration. 

Award of “ Victory ” Medals. 

17. During the past summer some 240 silver gilt “Victory*’ medals have Ixjfui 
awarded by the Royal Agricultural Society to champion animals at the shows of the 
seventeen societies mentioned in the May edition of the Quarlrrly. 

Inter- County Dairy Herds Competition. 

18. The object of this competition for which the Pn'sident. Lord Rledisloe, has 
generously given a handsome Trophy, is to recognise the dairy farmers of those counties 
which have made the most progress in eliminating tuberculosis from their herds. The 
Trophy, which was handed over by His Majesty the King at a Reception given by the 
President and Viscountess Bledisloe at the Goldsmiths’ Hall on tlie Oth November, w'as won 
by the county of Carmarthen as having the largest number of Tuberculin- tested herds. 

Conditions to govern the award of the Trophy in future years are now' under consid- 
eration. 

Young Farmers. 

19. A Challenge Trophy has been awarded by the Society to th(» Xational Federation 
of Young Farmers’ Clubs for annual competition on lines to be suggested by the Federation. 
The Council desires to record its appreciation of the valuable work of the movement and 
hopes that the Trophy will help to maintain and develoj) a high standard of craftsmanship 
and technical knowledge^ among mcmlK^rs. 

Argentine Judges. 

20. The Roci(^ty was honoured by an invitation from the SocitKlad Rural Argentina 
to appoint judges for three breeds of cattle to act at the Palermo Show, Buenos Aires, in 
August, 1946. and was pleased to arrange for the following gentJeimm to officiate :™-' 

Finlay MacGillivray, Greenhead, Pencaitland, East Lothian. (Shorf horns), 

Elwyn 0. Jones, Sheep House, Hay, Hereford. (Herefords). 

W. G. Maepherson, Mulben Mains, Mulben, Banff. ( Aberdeen- Anym), 
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Awards ior Long Service. 

21. Since the last report of the Executive Committee medals and (iertificates have 
been awarded to the following for long service on farms : — 

Years' 

Service. 

56 Jo8Ei*jf Bikd, Sutton Court Lodge, PenHford, Hristol. 

56 John Harrington, Spains Hall, Finchingfielcl, Essex. 

66 Waltkr Gkorge Portlook, Forge C^ottage, Edgeworth, Stroud. 

56 Arthur Ernest Webber, Ston Easton, Bath, Somerset. 

56 Edward Charles Wills, Tiimworth, Blandforrl, Dorset. 

55 Frederick Charles Boland, The Lodge, Oak Hill College, Southgate, N'. 14. 

65 Frank William Dent, 55/56, Upper Harlestono, Northampton. 

54 George Alfred Fagg, Onion Beds Cottage, Woodnesborough, Kent. 

54 C'lTARLKS Parsons, Wickinoor, Milverton, Somerset. 

53 Frederick Lesije George, 57, Great Brington, Northampton. 

53 Christoph KK Wiffen, Duck End, Finchingfield, Essex. 

62 William (Jharles Bolt, Turnworth, Blandford, Dorset. 

52 WiLi.iAM Ernest James, White Place Farm, C^ookham, Berks. 

51 Albert Dare, Duck End, Finchingfield, Essex. 

51 John William Norton, Post Office, Yanworth, Nr. Cheltenham, Glos. 

51 Wii^LiAM Henry Pill, Burneooso Lodge, Gwcnnap, Redruth, Cornwall. 

51 Richard Ivo Wigginton, Rollestoii, Billesdon, Leicester 

48 Harry Head, Mooray, Chilrmirk, Salisbury, Wilts. 

48 Richard Morris, 1’ho GretMi, Northop, Flintshire. 

47 Harry S. Hilly^hd, Moxhill Farm, C\>ple, Bedfool. 

47 William Ykateh, The Street, (.hilmark, SalLsbury. 

46 Thomas Chahi.es ('ooper, Ham, Berkeley, Gloucester. 

46 WiLi.iAM Henry Hinder, Ham, Berkeley, Gloucester. 

46 Fredkuk'K Jess Rvlling, Second Lodge, Spains Hall, Finchiugfield, Essex. 

44 Ahthijr Sparrow, French’.s Farm, Bamardistou, Nr. Haverliill, Suffolk. 

44 Gkohge Sccki.ing, Duck End, Finchingfield, Essex. 

43 Harry Wade, Haughley, New Street, Nr. Stowrnarket. 

40 Jes.sk Pearce, 20, Station Road, (^hisledon, Sw'indon. 

22. For throe years lironze was unobtainable for medals, but in recent months medals 
have been obtained and desjiatehed to all who had qualified but had not received them. 
Additional publicity given to the terms of award, viz., forty years on the same or different 
holdings with one employer, or forty years on th<^ same holding with different employers, 
has led to enlivened interest. Farm workers (male or female) — exeluding gardeners, 
grooms and gamekeepers — in any part of ICngland or W'^ales have hitherto been, and are 
still eligible. By resolution of the Council woodmen will in future also be eligible. A new 
design of medal is being prepared. 

Chemical Department. 

23. During the past year seventy- two samples have been submitted for examination 
by members of the Society. 

Samples of water, soil, compound fertilisers and compound feeding stuffs constituted 
the greater part of those submitted. Little comment on these particular samples is 
necessary excepting to say t.hat one sample of water submitted to know whether it was fit 
for drinking was about the worst sample Mr. Voelcker (the Society’s Consulting Chemist) 
has ever examined. It was more of the nature of a weak sewage effluent. A sample of 
chick mash suspected of being the cause of death of 60 out of 100 chicks w^as found to be 
quite unsuitable for feeding purposes. 

Of the miscellaneous samples submitted, an unknown white powder taken from a bari’el 
and suspected of being plaster of paris, was found to be white lead, a most valuable find 
in these days ot shortage. A sample of sea water damaged maize was considered suitable 
for feeding to poultry, and a sample of kiln dust (malt culms) was considered suitable for 
pig feeding, provided not more than 10 per cent, of the total ration consisted of this material. 
A sample of wafer biscuits which had been damaged by fire was submitted to know whether 
it could be used for feeding to pigs. The mass had become dextrinised in consequence of 



202 


Report for 1946 of the Council. 


the heat and had become quite rubbery in texture. However, it could be ground in a mill 
and when ground had quite a large power of absorption of liquids. It was proposed to use 
this material with bakers waste, but from experience this latter material invariably is 
sour and contains a large proportion of spent yeast together with pieces of sacking, 
mouldy flour, and general dirt. Apart from the actual examination of samples, many queries 
submitted by members have been answered and general advice given. 

Botanical and SSoological. 

24. The position created by the resignations of Sir Rowland Biffen and Mr. Cecil 
Warburton, announced in previous reports, has been under consideration, as there are still 
a number of members who prefer to obtain their information and advice through the Society. 
The Council has now decided to invite the co-operation of such bodies as the National 
Institute of Agricultural Botany and the Forestry Commission to ensure that members may 
be able to secure the best botanical or zoological advice procurable. To this end negotia- 
tions are proceeding, and the Council hopes to be able to announce details of the now 
arrangements at an early date. 

Veterinary Department. 

25. It is encouraging to note that during recent years members of the Society have 
availed themselves more freely of their privileges by consulting the Royal Veterinary 
College either directly or through their veterinary surgeons than was the case during the 
early years of the war and the College staff have freely given assistance in elucidating 
obscure disease problems and in suggesting means by which the incidence of various 
diseases might be prevented or controlled. The field covered by correspondence and 
consultations is wide and embraces most of the common diseases of farm stock such as the 
various forms of mastitis, contagious abortion, sterility, tuberculosis, Johne’s disease and 
parasitism in cattle, swine fever, swine erysipelas, anaemia of piglets and nutritional 
disorders in pigs, abortion and parasitism in sheep and a variety of diseases in poultry. 
Several members of the Society take advantage of the services of the department of 
Preventive Medicine for the routine testing of blood and milk samples for the control of 
contagious abortion and mastitis. 

Scheduled Animal Diseases, Briefly summarised it will be seen from the following 
comparative figures of the confirmed outbreaks of the scheduled diseases during the past 
five years, that in general there has been a decrease during the past year. In the case of 
Foot and Mouth disease there has been the usual fluctuation during the five-year period. 
The number of animals slaughtered under the Tuberculosis Order of 1938 has shown a 
steady and sustained decrease as has also the number of outbreaks of Anthrax. In the 
case of Swine Fever there has been some fluctuation but there has been a very satisfactory 
decrease in the number of outbreaks of Sheep Scab during the past year and in the number 
of outbreaks of Parasitic Mange during the past four years : — 


Year, 

Anthra:i\ 

Foot and Mouth 

Parasitic 

Sheep 

Sunne 



Disease, 

Mange, 

Scab, 

Fever, 

1942 

320 

502 

32 

235 

471 

1943 

339 

183 

8 

267 

502 

1944 

203 

95 

9 

222 

1,140 

1945 

1.39 

208 

7 

261 

1,208 

1946 

100 

52 

7 

91 

501 


Importatioiis of Pedigree Livestock. 

26. During the year, five boars and five sows of the Tamworth breed have been 
imported from Canada under the Importation of Pedigree Animals Act, 1925, and 90 head 
of pui’e-bred Canadian Holstein-Friesian Cattle have been imported under the Ottawa 
Agreements Act, 1932. 
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Exports to Eew SSealand. 

27. In May Lord Bledisloe received the following information in a letter from Mr. 
Peter Fraser, Prime Minister of New Zealand - 

“ I have discussed with Mr. Roberts (Minister of Agriculture) the question of 
lifting the embargo on the direct importation of pedigree stock into New Zealand, 
and we are agrecjd that this is of the greatest importancie to the Dominion. Before 
it can be done, however, a quarantine station must be established in Auckland 
to replace the one on Motuihi Island, which was taken over by the Naval author- 
ities shortly after the outbreak of war. Every endeavour is being made to obtain 
a suitable site for this purpose, and negotiations are proceeding with a view to 
securing a portion of another island in the Auckland harbour. 

You may rest assured that every endeavour will be made to expedite the estab- 
lishment of a quarantine station in Auckland, and when this is done the points 
raised by you will receive full consideration. I shall communicate with you again 
when a decision has been reached.’* 

28. Reporting this to the Council, Lord Bledisloe explained that he had made a 
special appeal to the Prime Minister of New' Zealand that, at any rate during his (Lord 
Bledisloe’s) term as President of the Society, something effective might be done to lift the 
embargo. In New* Zealand there w'as an unfounded and illogical fear of the conveyance 
of foot and mouth disease from this country, but the latency of the disease was so short 
that no animal could j) 08 sibly carry it from this country to the Antipodes. Under the 
existing arrangements, all livestock sold by breeders in this country to breeders in New^ 
Zealand had to be detained in Canada for some weeks, with the result that the unfortunate 
New Zealander had to pay considerably more. The New^ Zealand Government had 
consented to the lifting of the embargo so far as detention in Canada was concerned ; in 
other words, there would now be direct transport of livestock to New Zealand, subject only 
to the replacement of the old New Zealand Quarantine Station by a new one on the coast 
near Au(?kland. He harl made a strong appeal to the Prime Minister and to the acting 
Prime Minister, Mr. Walter Nash, to accelerate the provision of that station, and he had 
received an assurance from both that they would endeavour to do so. That could, he 
thought, be regarded as satisfactory. 

National Diploma in Agricultore. 

29. In 1940 two exaniinatioiis for the National Diploma in Agriculture were held : 
for the first, at Edinburgh in April, 124 candidates appeared ; for the second, at Leeds in 
July, 294 candidates presented themselves. Following are the names of those who gained 
the Diploma — 60 at Edinburgh and 79 at Leeds : — 

Kiai^rBUHGH Examination. 

Diploma* 

Brian Anthony JLinoard Ackboyd, University of Leeds. 

Chabuss Dubning Airman, University of Glasgow and West of 8(’otland Agricultural College. 

Ronalu Hugh Ai.exanpbb, West of Scotland Agricultural College. 

David Wiixiam Anderson, West of Scotland Agricultural College. 

William Arnold Ashley, King's College. 

Ian Joseph Ashworth, University of Leeds. 

Victor John Desmond Baldry^ University of Leeds. 

Wiluam John Bassett, University of Lee^. 

Jack Brad well, University of Le^. 

Edward WmuAM Brignall, University of Leeds. 

John Wilson Brown, West of Scotland Agricultural College. 

William Buchanan, University of Glasgow and West of Scotland Agiicultural College. 

Peter Buckler, South Eastern Agricultural College. 

Malcolm Edward Castle, University of Leeds and West of Scotland Agricultural College. 



204 


Report for 1946 of the Council, 


Hoy K£1T11 Oi^ahke, Midland Agricultural College. 

Htjoh Mackay Clakkson, Edinburgh and East of Scotland College of Agriculture. 

William Sydney Clayton, Harper Adams Agricultural College. 

Alan Clegg, King's College. 

Peter John Coates, Midland Agricultural College. 

David Witje-iam Vincent Cross, Harjjer Adams Agricultural College. 

A1..ASTAIR Patrick Grant, Aberdeen University. 

Harry Taylor Grant, Univeraity of Glasgow, West of S(*otland Agriruiltural College and Midland 
Agricultural College. 

Frank Braithwaite IfAU., University of Reading. 

John Ernest Harrison, Harper Adams Agricultural College. 

James Donaldson Hendry, University of Glasgow and We.st of ISeotland Agricultural (^ollege. 
Charles Grahame Hoyte, Edinburgh and East of Scotland College of Agriculture. 

Gerari> Kelly, West of Scotland Agricultural College. 

Bernard Law, University of Glasgow and West of Scotland Agricultural College. 

Robert Austin Lewis, University of Leeds. 

Charles Anthony Litt, Harper Adams Agricultural College. 

George Lygo, 11.5, Station Road, Hatton, Derbyshire. 

DoiuiTHY Masters, Harper Adams Agricultural College. 

Robert McBride, West of Scotland Agricultural (College. 

George Wyuje McHaro, West of S<;otland Agricultural College. 

Helen Curistine McIver, University of Edinburgh, and Edinburgh and East of Scotland College 
of Agriculture. 

Donald Xeil McVean, University of Glasgow and West of Scotland .Agricultural College. 
Geoffrey Thomas Moj.lari’, Midland Agricultural t'ollego. 

Alexander McLaren Morton, West of Scotland Agricultural College. 

Brian Jack O’Brif.n-Gore, Harper Adams Agri<‘ultural (\dlege. 

Ai.exandkr Brian Pengilly, University of Leeds. 

John Edward Pepper, Midland Agricultural College. 

George William Edward Pickworth, Harper Adams Agricultural (College. 

George Pollock, Greenmount Agi'icultural College. 

Dorothy Esteli.k Price, West of Scotland Agricultural College. 

John Robinson Proud, University of Leeds. 

John Dudley Reynolds, West of Scotland Agricultural (Jollego. 

Ei.izabeth Ellen Richards, Harper Adams Agricultural College. 

James Stewart Robertson, Univemty of Glasgow and West of Scotland Agricultural College. 
John Rogerson, University of Glasgow and West of Scotland Agricultural College. 

Sn-VAN Alexander lioss. West of Scotland Agricultural College. 

Nigel Francis Samp.son, Midland Agricultural College. 

Peter Robert Scowcrc»ft, Univor.sity of Leetls. 

D0REF.N IsoBKi. Smith, Edinburgh and East of Scotland Collep^ of .Agriculture. 

Mary Waugh Steele, University of Glasgov/ and West of Scotland Agricultural College.. 
Marguerite Daphne Stevenson, Midland Agricultural (olloge. 

Josephine Elisabeth Taylor, Midland Agricultural College. 

Dorothy Margaret Whyte, West of Scotland Agricultural (-ollege. 

Geoffrey Delves Wilkinson, Midlan<l Agricultural College. 

James Wilson, West of Scotland .Agricultural College. 

Bryan Arthur Woodward, Midland Agricultural College. 

Twenty-six candidates passed a first group of subjeitts. 

Leeds Examination. 

IHpJxnna, 

George Ronald Adams, liarper Adams Agricultural College. 

Henry Dukkskl Ainkley, University of J^reeds. 

Lucius Charles Arthur, Harper Adams .Agricultural College. 

John T..konard Bawtree, University of Reading. 

David Ha.s.sall Beech, University of Leeds. 

James Charles Kllingworth Bevin, Harper Adams Agric.ultural College. 

Helen May Bowman, Midland Agricultural College. 

Reginald Brill, Midland Agricultural (college. 

Neville William BiU)Ar)H[jRST, Harper Adams Agricultural College. 

David Calcoi’T, (Tnivorsity of Reading. 

Graham Reid Carst.aw, West of Scotland Agricultural College. 

Mary D. Cijvbk, \\'ost of Scotland Agricultural College. 

Alison Mary CLARiao, Midland Agricjultural (^ollege. 

Ian Wat.son Clewlev, University of Reading. 

Den.nis Ritson Cot.t>wkll, King’s College. 
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Alfred William Ooopkr, Haiper Adams Agricultural College. 

Frank Bryan Cottrell, Harper Adams Agricultural College. 

John William (.harles Coxon, Midland Agricultural ('ollego. 

Ernest William George Croi'ch, Seale-Hayne Agricultural College. 

Albert Docker, Harper Adams Agricultural College. 

Michael Frank Dodd, Harper Adams Agricultural (bllege. 

•Francis William Ellis, Essex Institute ot* Agriculture. 

Peter Frederick Freeman, iSealo-Hayne Agricultural College. 

Alfred Hoy (Galbraith, Seale-Jfayne Agricultural College. 

Peter Charles Gravett, Se»ile-Hayne Agricultural College. 

Ro.ss Frank David Haddow, Midlaml .Agricultural (College. 

Malcolm Roy Haruiman, Seale-Hayne Agricultural College. 

FIdwin John Hetherinoton, King’s College. 

Wilfred Lynn Hinton, Harper Adams Agricultural College. 

Henry Richard Holborow, University of Reading. 

MfLE.s Holland-Ra.msay, Seale-Hayne Agricultural College. 

Geoffrey Rowland HoIjMEh, Midland Agricultural College. 

Reginald Harry I.saac*, Midland Agiicultural (yollege. 

Trevor William Kkmsli^y, University of Reading. 

Ian Morgan Kerr, Harjier Adams Agricultural Coilegf*. 

Richard Alexander Leach, Seale-Hayne Agricultural College. 

Reginald Jo-seph Longstreet, Seale-Hayne Agricultural College. 

William Mackenzie, University of Glasgow. 

Mark McLean, Midland Agricultural (College. 

Peter .A.llen Marsdkn, Midland Agricultural College. 

Jason Rash. Mkrmikidks, University of Reading. 

Robert Wills Mitter, Seale-Hayne Agi’iciiltural College. 

Alan Derek Norris, Seale-Hayne Agricultural (College. 

Thomas Okey, University of Rending. 

Arthur Derek Parker, Scale- Hayno Agricultural College. 

Rex William Pickfokd, Royal Agricultural College. 

W1LLIA.M Eri(>‘ Frame Rankin, Hurp<3r Adams Agricultural C’ollege 
June Rayment, Seale-Hayne .Agraailtural College. 

.Alley Fletcher Rees, Seale-Hayne Agricultural (^K>lloge. 

Humphrey Getiiin Rees, Seale-Hayne Agricultural College. 

Kenneth LAMiiEirr RrcHARns, Seale-Hayne Agricultural College. 

Barry Maxweli. Roihnmon, H arper Adani.s .Agricultural (’ollege. 

Dougi.ah Frederick Langley Ro.sb, Harper Adams Agricultural College. 

Sylvia Mary Russell, Midland Agricultural College. 

Philip Shinglkh, Harper Adams Agricultural College. 

Phujp Henry Shucksmith, Mklland Agricultural College. 

George Robert Sigsworth, UniveiMity of Leeds. 

IPhilip Lionel d' K. Skipvvtth, Rapieys, Grazeley Grt'cn, Nr. Reading. 

Walter Norman Smith, University of Leeds. 

Willie Smith, Seale-Hayne Agricultural College. 

Jean Instone S.mithkman, Hnrfwr Adams AgncuUural College. 

Gi»rdon James Farmer Stevens, Seale-Hayne Agricultural College. 

Clifford Stevenson, Miilland Agricultural C'Jollcge. 

1\NA Margaret Stewart, Midland Agricultural College 
Michael Menzies Strang, Harper .Xdains Agricultural tblloge. 

Chart.es Keith Sykes, Midland Agricultural College. 

Joseph Donald Sykes, Univerrity of I-eeds. 

Peter Wxu.iam Tayi-ou, Midland Agricultural College. 

Philip Arthur Tay’lor, Seale-Hayne Agricultural College. 

Keith James Thompson, Midland Agricultural College. 

John Wtixiam Thurlky, Midland Agricultural College. 

Michafl Richard Warner, Midland Agricultural College. 

Michael Conrad Weller, Seale-Hayne Agricultural College. 

Dennis Tansley^ Weston, Midland Agricultural College. 

George Hanson Whitaker, Seale-Hajme Agricultural College. 

Jerry White, Midland Agricultural College. 

Richard James Willis, West of Scotland Agricultural College. 

Gladys Wilson, Midland Agricultural College. 

James Wylme, University of Edinburgh. 

Seventy-eight candidates passed a first group of subjects. 

• Passed a first group oi subjects while a prisoner-of-war m Germany, 
t Passed in all papers while a prisoner-of-war in Germany ; ajif^ieareil at Leeds for oral 
examination <kuiJ^ 
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Rational Diploma in Dairying. 

30. For the National Diploma in Dairying the 51st annual examination was held 4n 
September, at Reading for English and Welsh students, and at the Dairy School, Auchin 
cruive, Ayr, for Scottish students. At the English centre 88 candidates were examined, 
of whom 42 were successful. Seventy -three candidates appeared at the Scottish centre, 
of whom 31 passed. BcIoav are the names of the Diploma- winners ; — 

English Ckntrk. 

IIenry John Bakkjr, University of Heading. 

Elisabeth Rosemary Brown, Studley C/ollege. 

Sylvia Mary BuRi>riELD, X^niversity of Heading. 

Sheila CJrack Cheshire, Midland Agricultural College. 

Margaret FiVa (yHiSLETT, University of Koading. 

Kosemaby Imogen Atterbury Clutterbuck, Studley College. 

Patricia Joan Chixey, Midland Agricultural College. 

Kenneth Henry Bearden, Midland Agricultural Xvollego. 

Rosemary Rachel Derbyshire, University of Reading. 

f^RNKST Johannes Glucksmann, West of Scotland Agricultural College. 

Mary Kate Golledge, Midland Agricultural College. 

Stella Joan Harvey, University College of Wales, Aberystwyth. 

Mary Martin Hoddell, University of Reading. 

Nanette Jackson, Midland Agricultural College. 

Audrey iTones, University of Reading. 

Rena Jones, University College of Wales, Aberystwyth. 

Maureen Cynthia Joy, University College of Wales, Aberystwyth. 

Peter George Kaufmann, Soalo-Hayne AgriciiUnral College. 

Irene Lamb, Midland Agricultural College. 

Flizabeth Roberta Ann Lanke.ster, Studley College. 

Mary Teresa Livesey, University of Koading. 

Rosalind Maciijn, Midland Agricultural College. 

Mollik MANSiaELD, Studley ('College. 

Brenda Mary Aia^ison Martin, Midland Agricultural C’ollege. 

Mary Poppy Nutt, Studley College. 

Judith Wykeham Passmore. University of Reading. 

Sheila Peel, University of Reading. 

Kathleen Janet Pharaoh, Seale-Hayne Agricultural College. 

Jean Ann Pickering, Studley College. 

Brenda Porteotts, University of Reading. < 

Susan Margaret Price, University of Reading. 

Barbara Klizabeth Pritchard, University College of Wales, Aberystwyth. 

Isabel Margaret Pycropt, Studley College. 

Marjorie Gladys Saunders, University College of Wales, Aberystw\vtli. 

Maude Dorothy Selfe, Studley College. 

Mary Sims, University of Reading. 

Vera I. "J^arr, Seale-Hayne Agricultural College. 

Muriel Patricia Waller, University of Reading. 

Rachel Katharine Ward-Smith, Studley College. 

Klizabeth Wigmore, University of Reading. 

Ai.ice Jessie Wise, University of Reading. 

Jean Fernandes Vjoardlev, Midland Agricultural College. 

Scottish Centre. 

Jessie Aitchison Anderson, Sineaton Shaw, Dalkeith, Midlothian. 

Sheila Duncan Black, 678, Pollokshaws Road, Glasgow, S. 1. 

James Ronai^d Adam Blackwood, “ Nethercliffe,” .^va, Clackmannanshire. 
j‘lLizABETH Bkdelt. Boyd, 62, Moiiso Road, Bearsden, Dumbartonshire. 

Jack Bradweil, 50, Clarel Street, Penistone, Sheffield. 

Nora Brooks, Limehurst Farm, Waterloo, Ashton-under-Lyne, Lancs. 

Norma Elaine Brownless, 31, Ridgewood Orescent, South Goaforth, Newcastle- on-Tyne, 3. 

Ann MaoNaughton Campbell, Boreland, Feaman, Aberfeldy, Perthshire. 

James Moir Goldie, 29, Craigdhu Road, Milngavie, Dumbartonshire. 

Helen Elizabeth Haqgabt, Laggan, Crieff, Perthshire. 

Catherine Boyd Hood, 22, Emma Street, Blairgowrie, Perthshire. 

W. Jean Ainsue Johnson, 20,- Alexandra Rood, Beading. 

Effie Margaret Kitching, 6, Traquair Park West, Corstorphine, Edinburgh, 12. 

Thorburn Alexander Thomson Lbitch, 22, Dean Terrace, Kilmarnock. 
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Robert McBride, Monktonhill, Prestu-iek. 

Mary J. Macdonetx, ITpperton, Buntait, Glen Urquhai’i, Invorness-shiixj. 

Duncan Gabnons MacDoikjall, Druimnoil, Port Appin, Appin, Argyll. 

TnoMASiNA Maiki Kofts McGhee, The Phoa^^antry, Hartley Wintney, Basingstoke, Hants. 

George Wyijlie McHaug, Kirkland, I^swalt, Stranraer. 

Christina Alena MAt lNTYRE, Ardnadrochit, Auchnacraig, Mull. 

Elhpeth Maud MacLei.lan, 10, Sydenham Road, Glasgow, W.2. 

Jean Hunter Mair, 26, Lindsay Street, Kilmarnock. 

Marjorie Scurrah Middleton, Skelgill House, Askrigg, I^eyburn, Yorks. 

Margaret Klsfeth iiLYTJi Neill, Tliroave, Lasswade Road, Kakbank, Midlothian. 

Jean Ktrsty Nicholl, Lnngonhoo Hall, Lniigenhoe, C'olchester, Kssex. 

Eleanor Stirling Powelt.. 04, Kings Road, Rosyth, Fife. 

Marion Copland Spenc e, Hraefoot, Langbank, Milngavie, Dumbartonsliiro. 

Mary Waugh Steei.e, Rhu*khill Farm, Crosaford, Carluke, Lanarkshire. 

Alfred Walsh, Paa h'ann, Puyiliome, Gisburn, Nr. Clitheroe, Lancs. 

WiLiAAM ARTHni Wai.sh, JO, St. Peters Road, Potersfield, Hants. 

James Wilson, Brockwollmuir, Dunlop, Kilmarnock. 

All the candidates at the Scottish Centre had Ix^en students at the Dairy School for 
Scotland, Auehineruive, Ayr. 

31. The Regulations and Syllabus for both the N.D.A. and N.D.D. Examinations 
are. being revised. The new conditions cannot be ojK^rative before 1948. 

32. Questions relating to the National Diplomas have been discussed with the 
Ministry of Agriculture in the light of observations of the Loveday Committee on Higher 
AKricultiiral Education. The Council is firmly of opinion that the Diploma examinations 
have served and can continue to serve a most valuable purpose, though, as already indicattxl, 
tliere is need for some revision of conditions to meet changed circumstances. 

Medals for Cattle Patholog:y. 

33. In the annual examination conducted by the Royal Veterinary College in 1946 the 
Society \s Silver and Bronze medals for Cattle Pathology W’ere awarded to F. C. Startup, 67, 
(jlranville Road, Bromley, Kent, and to T. R. B. Lenvis, Cwmbran, Llanwrda, Carmarthen. 

Journal, 

tH. Volume 106 of the Society’s Journal wa.s circulated to memljers at the beginning 
of 1946. Volume 107 is now in preparation ; it is hoped that it will be ready for issue in 
the New Year. 

llie (Wncil is jileased to liave enlisted the services as Editor of Dr. Cliarles Crowther, 
whose work as an agricultural educationist is well known. 

Quarterly Bulletin. 

3o. Three issues of the Quarterly BuUetin have appeared in 1946 ; another is due 
to l>e circulated to members before the end of the year. Consideration is being given to the 
possibilities of developing this publication, which w'UvS started in January, 1945, as a means 
of keeping members informed of the Society’s activities. 

Fream’s '' Elements of Agriculture.’* 

36. The Society’s valuable text-book “ Elements of Agiiculture ” is in process of being 
thoroughly revised and brought up to date under the general editorship of Dr. (I. H. 
Robinson of Worcester. The intention is that the book shall again constitute a thoroughly 
comprehensive survey of those departments of agriculture which the aspiring student, no 
less then the practical farmer, can turn to for guidance. 

Library. 

37. A committee has been appointed to report on the Society’s library at 16, Bedford 
Square and to make recommendations as to the steps necessary to bring it up-to-date, and 
also to improve the facilities which the library can offer to members. 
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Queen Victoria Gifts Fund. 

38. For the fourth successive year there were no unsuccessful applicants for penBions 
at the 1946 election of the Royal Agricultural Benevolent Institution. The Trustees of the 
Fund wore again precluded from making their annual grants, and the amount available 
is being retained for future grants. 

International Conference of Agricultural Producers. 

39. At its meeting in June the Council exprt*8sed its ap})reciation of the successful 
efforts made by the National Farmers’ Union in connection with the International Con- 
ference of Agricultural Pj-oducers in the following resolution - 

That the Royal Agricultural Society of England convey to the National Farmeiu’ 
Union warm congratulations on their enterprise and vision in organising the 
International Conference of Agricultural Producers and on the outstanding success 
which attended it. 

The Society is heartily in syinjjathy with this movement towards agricultural unity, 
and it was more than a gesture of liospitality that prompted th('. President to invite the 
conference delegates to a Reception at the Goldsmiths’ Hall on 27th May. Ix)rd Bledisloe, 
in his address to them, said : “ Let mo assure you that our Society recognises now as never 
l)efore that the economic w<*lfare of your several rural populations (and the contentment 
and ha])piness which flow from it) is inseparably bound up with our own.” 

Farm Weeks. 

40. The Council has been v(Ty pleased to co-ope*rat(‘ wdth the National Farmers’ 
Union in the organisation of the Union's ” Farm Weeks.” Joint mec^tings w ith the N.F.U. 
and representatives of the implement and machinery manufacturers, held under the 
auspices of the Society, led to the staging of useful and com]>rehensive displays of machinery 
at Nottingham and Bristol. 

President's Appeal to Members. 

41. At the Council Meeting in June the President n^ade an appeal to the general 
body of the Society's members throughout the country at a crisis in the country’s history, 
when they were fa<jed with the prospect of the most serious food shortage which the country 
had ever knowTi. MemWs would, he felt sure, share his view that there rested upon the 
Society a grave responsibility to promote by every means in its power t he maximum output 
of food from the soil, especially in the critical years 1 947 and 1 948. Ihe l^resident concluded 
his appeal as follow^s : ” Let us use our best endeavours on our farms, on our estates, on 
County Agricultural Executive Committees, and amongst our neighbours, to merit the 
confidence of the nation by bending our energies to the fulfilment of this patriotic duty.” 

Preseataiion to Mr. T. B. Turner. 

42. Mr. Thomas Blundell Turner, M.V.O., Secretary to the Society since 1921, retired 
on the 30th March, 1946. At the Council’s meeting on the 6th March, Mr. Turner was 
elected an Honorary Life Governor and presented with a clock in recognition of his services 
to the Society. 

Sir Roland Burke, Honorary Director of the Royal Show since 1931, paid a tribute 
to Mr. Turner’s organising abilities and to his adaptability in emergencies. He said that 
Mr. Turner had both given of his best and had at all times endeavoured to uphold the 
great traditions of the Society ; his management of the secretarial duties connected with 
the Show had been outstanding. The association with Mr. Turner had been a happy one— 
Presidents, members of Council and everyone connected with the Society would aiwa 3 m 
remember with gratitude the loyal service he had rendered. 
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43. Mr. Alec Hobfloii, who won appointed Secretary to succeed Mr. I^'amer, commenced 
his duties on the 1st April, 1946. 

Return of Staff. 

44, The Council has been pleased to welcome back from the armed forces Mr. E. R. 
Slade and Mr. F. R. Francis, menibers of the Society’s office staff, after several years’ 
active service. 

By order of the Council, 

ALEC HOBSON, 

Secretary. 

IS, Hh’iJKoKn Sqcare, 

London, W.C. 1. 
m Noi‘€f)tber, 1946 . 


Presentation of Inter-County Dairy Herds Trophy 

6th November, 1946 

Iheir Majesties the King and Queen conferred a signal honour u])on the Society when, 
on NovcmlKir 6th, 1946, they attended a Reception given by the President, Viscount 
Bledisloe, and Viscountess BltNlisloe at the Goldsmiths’ Hall in the City of London, where 
the King presontcxl the Inter-County Dairy Herds Trophy, won by Carmarthenshire, and 
hande<l the Society’s long service medals to twenty-two veteran farm workers who had 
server! their emi)loyer8 loyally for upwards of forty ;>'ears. 

Welcoming Their Majesties, Viscount Bledisloe explaiiunl how the Society had decided 
to allow no tuberculous bovine animal to enter the Royal Showyard in the future and to 
inaugurate an Inter-County Dairy Her<ls Competition, the award in the form of a trophy 
being made to the County in England or Wales showing the greatest progress in eliminating 
tulx^rciilosis from its dairy herds. Although it was hoped to draft a scheme which would 
in future years give definite encouragement to those counties which could show the largest 
annual increase in the number of their tuberculin tested dairy herds, it had been decided 
this year to award the trophy to the County possessing (according to the Milk Marketing 
Board ’s records) the largest number of tuberculin tested dairy herds, Tliis was Carmarthen- 
shire (with 3,210), the next in order of priority being Cardiganshire (with 1,913) and 
Pembrokeshire (with 1,310). 

In presenting the trophy to Mr. T. Walters of St. Clears, Carmarthen, representing the 
winning county and who was the first milk producer in the w^hole of Wales to have an 
Attested Herd, His Majesty congratulated the county of Carmarthenshire and the whole 
principality of Wales on the lead they had given in the movement for the purification of 
the country’s milk supplies. 

Mr. Tom Williams (Minister of Agriculture and Fisheries), in tendering thanks to His 
Majesty for presenting the awards, said the presence of Their Majesties would have an 
effect far beyond the bounds of the gathering. Mr. Williams paid tribute to the work of 
the Royal A^icultural Society of England and made reference to the generosity of the 
President, Viscount Bledisloe, for having given the trophy which His Majeky had 
presented. 
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Members of Council. 


msttcultural ^octeti^ of Cngfanb 

(Established May 1838, as the English Agricultural Socikty, and incorporated by 
Rcnjal Charter mt March 26//i, 1840). 


Patron. 

HIS MOST CaiACIOUS MAJESTY THE KING 


President for 1947. 

LT.-COL. SIR ARCfflBALD G. WEIGALL, BT., K.C.M.G. 


Year when 
first elected 
on Council 


Trustees. 


1935 

1940 

1921-29 

1935 

1918 

1921 

1921 

1911-17 

1926 

1909 

1914 

1934 

1925 


H.R.H. Thk Duke of Gloucester, K.G., P.C., York House, *S'L James's Palace, S.WA. 
Athlone, Earl of, K.G., P.O., Kensington Palme, S,W. 

^Bledisloe, Viscount, P.C., G.C.M.G., K.B.E., Lydney Park, Olos. 

Burke, Sir Roland, K.C'.V.O., Melton Mead, Woodbrulge, Suffolk. 

Burrell, Sir Merrik R., Bt , C.B.E., Floodgates, West Orinstecul. 

CouRTHOPK, Lord, P.C., M.O., Whiligh, Walcronch, Sussex. 

^ Hastings, Lord, Melton Constable Park, Norfolk. 

Hazlkrioq, Lord, Noseley Hall, Leicester. 
l*owis, Earl of, Powis Castle, Welshpool, Mont. 

Stradbroke, Earl of, K.CM.G., (’.B., O.V.O., (\B.E., Henham Hall, Wangford, Hecdes 
Weigall, Lt.-Col. Sir Archibald G., Bt., K.C\M.G., Englemere, Ascot, Berks. 


1922 

1931 

1938 

1908 

1936 

1913 

1924 

1929 

1927 
1942 

1928 
1907 


Vice-Presidents. 

Bell, John, The Hall. Thirsk, Yorks. 

Burrell, Lt.-Col. Walter R., M.B.E., T.D,, D.L., Knepp Castle, Horsham. 
(^RANWOKTH, Lord, M.C., Orundisburgh Hall, Woodbridge, Suffolk. 

Derby, Earl of, K.G.. P.C., Knowsley, Prescot, Lancashire. 

Dioby, Lord, D.S.O., M.C., Ceme Abbey, Dorchester. 

Even.s, John, Burton, Lincoln. 

Everahd, Sir W. Lindsay, Rakliffe Hall, Leicester. 

Harewood, Earl of, K.G., Harewood House, Leeds. 

Nkame, Thom\s, The Offices, Macknade, Favershaw. 

Norfolk, Duke of, K.G., P.C,, Arutidel Castle, Sussex. 

Radnor, Earl of, K.O.V.O.. Longford Castle, Salisbury. 

Smith, Fred, Dehen Haugh, Woodbridge, Suffolk. 


\ 

1922 I 

1939 

1937 

1945 
1937 

1946 
1930 
1939 
1936 
1936 
1946 


Ordinary Members of the Council. 

Alexander, Hubert, Oileston Maxtor, St, Athan (Qlannorgan). 

Ahgles, Cecil G., Sihson House, Wansford, Peterborough (Westmorland). 

Baird, (^apt, W. J., Rankshorough Hail, Oakham (R'udcmd), 

Barclay, Major M. E., Beaches Manor, Brent Pelham, Buntingford (Hertfordshire), 
Belcher, J. Morris, Tibberton Manor, Wellington (Shropshire), 

Bbnnion, John E., Home Farm, Stackpole, Pembroke (South Wales). 

Bbnyon, Henry A., Englefield House, near Reading (Berkshire), 

Blewitt, Lt.-Col. Guy, D.S.O., M.C., Boxted Hall Farms, Colchester (Essex), 
Bourne. John, SnowshiU Hill, Moreton-in-Marsh (Oloucestershire). 

Catob, Lt.-Col. H. J., M.C., Woodbasiwick Hall, Norwich ( Noffolk), 

Chillingworth, Charles A., Barton Farm, Siddington, Cirencester (Gloucestershire), 
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Year whew 
first elected 
on Council 

mz 

1946 

1938 

1047 

1921 

19.46 

1946 

1046 

1942 

1946 

1936 


1929 

1933 

1928 

1933 

1931 

1943 

1946 

1941 
1923 
1939 

1943 

1919 

1946 

1942 

1931 
1923 
1946 

1932 

1944 
1049 
1946 
1932 
1946 

1943 
1943 


1933 

1937 
1927 
1946 
1933 

1938 
1929 
1938 

1946 

1947 
1933 
1933 
1943 
1929 
1938 
1938 


Ordinary Membem of the {continued). 

Cornwallis, Lord, K.B.E., M.C., Plovertt^ Hormnonden, Paddoc^kicood {Kent). 

OoxoN, Charles L., Milton, Skobdon, Leomimt4>r {Herefordshire). 

CuLLiMORE. Charles, ChrisUeton, Chester {Cheshire). 

♦Dallas, Georgic, Slrathehfde, Great Doddingion, Xorthants. 

♦Dampier, Sir W. C. D., Sc.D., F.R.S.» TJpwater Lofhje, Votnbruige. 

Da WE, R. W. N., Alrewns Hayes, Burton -on -Trent {Staffordshire). 

♦Deck, Henry, Orwell Works, Ipswich. 

♦De La Warr, Earl, P.C., Fishers Gate, Withyhain, Sus8e.t. 

Dcberly, Capt. P". H. J., M.C., SUmqhton Manor. St. Neots (H untinydonshire). 
Dunninoton-Jefferson, Lieut. -(/ol. Sir John, D.S.D., Thicket Priory, Thorganby, York 
{Yorks. K. Riding). 

Eoerton, Oimmdr. H. Sydney, D.S.C , H.N., Moantfichl Court, Robertsbridge 
(Sussex). 

Elgin, Plturl of, K.T., BroomhaU, Dunfermline {Scotland). 

PlvERETT, Major Norman, Rnshmvre, Ipswich {Suffolk). 

P’orsh aw, Thomas, The Stud, (Jarlton-on- Trent, Newark {Nottinghamshire). 

P'OSTER, Major Gordon H,, Leysthorpe, Oswatdkirk, York ( Yorks., N. Riding), 

(iLOSSor, W. H., M.P., Bramwfth Half, near Doncaster { Yorks., W. Riding). 

Grafton, Duke of. Fusion Hall, Thetford (Suffolk). 

Griffith, Major E G. E., Plas Newydd, Trefnant, Denbighshire {North Wales). 

Haddon, R. W., Dorset Home, Stamford Street. S.E.l. {London). 

Hale, Windham E.. Grimsargh Home, Grimsargh, Preston (Lancashire). 

Harris, John P'hj|‘:i>eiii( k, The Old Tower, Brackenburgh . Penrith (Cumberland). 
Hazlerjgo, Major Tlie Hon. Artui r, The Oaklauds, Breach Lane, Earl Shilton, 

Leicester (Leicestershire). 

Hobbs, Robert, Kelmscotf, Lechlnde, Glos {0.vfordshir€). 

Hitdson, The Kt. Hon. R. S., C.H., M.P., 18, Cowley Street, Westminster. iS’.HM. (London). 
H(JRD, Anthony R., M.P., Rainsc^mbe Farm, Oare, Marlborough (WiUshire). 

Jervoise, Major P'. 11. T.. Herriard Park, Basingstoke (Hampshire). 

Johnstone, G. H., O.B.Ph, TrewUhen, Ginmpound Road (Coniu^ll). 

Jones, Herbert, O.B.E., Half Farm, Honington, GrantlMui (Lincolnshire). 

Kiij'atuick, James, Craigie Mains, Kilmarnock (Scotland). 

Leigh, Lord, Stoneleigh Abbey, Kenilworth (Warwickshire). 

Merson, Tt)M 11., Fairingdon, North Pefherton, Bridgwater (Somerset). 

The Lord Mildmay of Flkte, Flete, Irybndge (Devonshire). 

♦Nicholson, A. V., Trent Ironworks, Neunirk, Notts. 

♦OoG, Dr. W. G., M.A., Rothamsted Experimental Station, Harpenden, Herts. 

Pease, Major Philip 1., Sledwich, Barnard Castle (Durham). 

Pender, Major H. Denison, D.S.O., M.(^., Strnngways, Marnhnll, Stunninster Newton 
(Dorset). 

Robertson, William, Stamford, Alnwick (Northumberland). 

Robinson, J. C. K., P\S.I., Iua, St. PauVs Square, Bedford (Bedfordshire). 

♦Russell, Sir John, O.B.PL, D.SSc., F.K.S., Campsfiehi Wood, Woodstock, 0.vfordshire. 
Shirley, J. W., Pear Tree Farm, Woughion-on-ihe-Green , Bhtchley (Buckinghamshire). 
Stedman, Sir L. P'ostkr, The Garth, Bassaleg, Neuport (Monmouthshire). 
Stopkord-Saokviixe, N. V., Drayton House, Lowick, Kettering ( Northamptonshire). 
Strafford, Plarl of, Wrotham Park, Barnei (Middles€.r). 

Talbot-Ponsonby, a. H. B., Hinton Woodlands. Bramdean. Ahesford (Hampshire). 
Tupper, Captain Henry, M.C., Biynor, Pulborough {Sti.Hse.x). 

♦Ti’kner, James, West Bank Farm, South Anston. nr. Sheffield. 

Walker, Sir Ian, Bt., Osmaston Manor, Derby (Derbyshtre). 

Walker, John, Knighturick Manor, IForce^ffr (Worcestershire). 

Watney, Bertram W. A„ Brookwood Corner, Holmwood (Surrey). 

Wp:bb, S. Owen, Streetly Hall, West Wickham (Cambridgeshire). 

WiGLESwoRTH, R. T., StuUblc Hill, Harrietsimm, Kent (Cheshire). 

M^right, R. K., Kilkea, Mageney, Co. Kildare (Ireland). 


* Nominated Member of Council. 
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STANDING COMMITTEES 


*** Under Bye*Lttw 73, the President is a Member ex officio of all Committees, and the Trustees 
and Vice-Presidents are Members ex officio of all Standing Committees except the Committee of 
Selection and General Purposes. 


Kazlerigg, Lord {Chairman) 
Radnor, Earl of 
Burke, Sir Rouand 
B uRRKtx, Sir Merhik 
Cohnwauas, Lord 


Neame, T. ( Chairman) 

De La Warr, Earl 
Radnor, Earl of 
Hazlerigg, Lord 
Hazlekigg, Major Hon. A. 
Burke, Sir Roland 


{C hair nut n). 
Blkdisloe, Viscount 
Ceanworth, Lord 
Dampier, Sir W. C. D. 


Hastings, Lord { Chairman ) 
Hazlerigg, Lord 
Hazlerigg, Major Hon. A. 
Bourke, Hon. G. J. 

Burkk, Sir Roland 
C oruTHOPE, Lord 


Burrei 1 ., Sir Mehkik ( Chairman ) 
Radnor, Earl ot 
Big BY, Lord 

Mildmay OF Elete, Ixird 
Burke, Sir Roland 
Stieli^y, Sir J. F. 

Stedman, Sir L. F. 

Weigall, Sir Archibald 
Barclay, Major M. E. 


Finance Committee. 

Courthope, Lord 
De La Warr, Lord 
Stedman, Sir L. F. 

Weigall, Sir Archibald 
Alexander, H. 

Journal and Education Committee. 

BuRREIX, SirMERRIK 

Dampier, Sir W. C. D. 

Russell, Sir John 
Argi.es, Cecil 
Burrell, Lt.-Col. W. R. 
Gtakssop, (^. W. if. 

Chemical Committee. 

Russeu., Sir«IoHN 
Everett, Major N. 

Hale, W. E. 

Jkrvoise, Major F. H. T. 

Forestry and Biological Committee. 

Benyon, H. a. 

BoirRNK, John 
Burrell, Lt.-Col. W. R. 

N eame, T. 

Eeles, Lt.-Col. H. S. 

Egerton, Commdr. H. S. 


Veterinary Committee. 

Bell, J ohn 
Bennion, j. E. 

Blkwitt, Lt.-Col. Guy 
Burrell, Lt.-Col. W. K 
Buxton, Prof. J. Bash, 
('OXON, L. 

Foster, Major G. B. 
Glo-ssop, C. W. H. 
Harris, J. F. 


Bell, John 
Glossop, C. W. H. 

Hudson, R. S. 

Hurd, Anthony R. 
Talbot-Ponsonby, a. H. B. 


Haddon, R. W. 
Hudson, R. S. 
Hurd, A. R. 
Shirley, .1. W. 


OoG, Dr. W. G. 
Robertson, W, 
Robinson, J. (^ E. 
Smith, Fred 


Gardner, K. C. B. 

Jervolse, Major F. H. '1'. 
Talbot-Ponsonby, A. IT. B. 
Thomp.son, H. 

Whiles worth, R. T. 

Le Sueur, A,1).C,. 

F.H.I.(\S., B.Sc. 


Hobbs, Robert 
Johnstone, G. H. 
Pease, Major P. 
Robertson, W. 
Smith, Fred 
Tuppkr, Capt . H. 
VV’alker, John 
W lGLES WORTH, R. T, 


Courthope, Lord 
( Chairman ) 
Digby, Lord 


Committee of Selection and General Purposes. 

The President Glossop, C. W. H. 

Cornwallis, Lord Smith, Fred 

Weigall, Sir Archibald 

And the Chairman of t^ach of the Standing Ct>mmitUH?s. 


Research Committee. 


Dampier, Sir W. (L I). {Chairman) 

De La Warr, Earl 

Radnor, Earl of 

Bledisloe, Viscount 

Cranworth, Lord 

Hastings, Lord 

Hazlebiog, Major Hon. 


Burke, Sir Roland 
Burrell, Sir Mebrik 
Russell, Sir John 
Burrell, Lt.-Col. W. R. 
Neame, T. 

Bennion, j. E. 

Cator, Lt.-Col. H. j. 


CULLIMOBB, C. 
Hobbs, Robert 
Hurd, A. R. 
Mbbson, Tom H. 
Ogo, Dr. W. G. 
Robinson, J. C. E. 
Smith, Fred 
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Blbwitt, Lt.-Col. Guy (Chairman) 

Stock Pruses Committee. 

Alexander, H. 

Harris, John F. 

Cranworth, Lord 

Baird, Capt. W. J. 

Hobbs, Robert 

DiOBY, Lor<l 

Belcher, J. Morris 

Jones, Herbert 

Burke, Sir Roland 

Bell, John 

Kilpatrick, James 

Burrell, Sir Merrik 

BurreUv, Lt.-Col. W. K. 

Merkon, Tom H. 

Dunnington -Jefferson, Lt.-Col. 

Evens. John 

Pender, Major Denison 

Sir John 

Bennion, j. E. 

Robf.rtson, W. 

Evehard, Sir Lindsay 

(’^hillingwohth. (\ A. 

Shirley, J. W. 

Leigh, Lord 

COXON, (\ L. 

Smith, Fred 

Mildmay of Flete, Lord 

Everei'T, Major N. 

Tupper, Henry 

Stedman, Sir I^. F. 

Fohshaw, T. 

W'alker, John 

Waijcer, Sir Ian 

Foster, Major G. B. 

Wkrr, S. Owen 

Weigall, Sir Archibald 

Glclssop, C. W. H. 

The Stewards of Live Stock 

Argles, (?ecil 

H addon, K. W. 


J^udges Selection Committee. — Same as Stock Prizes 

('omnnttee. 

Bell, John {Chairman) 

Implement Committee. 

(’ator, Lt.-CoL H. J. 

Nk’Hoijson, a. C. 

Radnor, Earl of 

Dawk. H. W. N. 

Pease, Major P. 

Cornwallis, Lord 

Djcck, Henry 

Robertson, W. 

Burke, Sir Roij^.nd 

Durkrly, Capt. E. H. J . 

Tupper, ('‘apt. Henry 

Courthope, Lord 

Evens, John 

Webb, S. Owen 

Dasipier, Sir W. C. D. 

Everett, Major N. 

Wright, S. J., 

Stedman, Sir L. F. 

H ADDON, R. W. 


Barc lay, Major M. E. 

Jones, Herbert 
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Burkk, Sir Roland {('hairinan) 

Blewitt, Lt.-Col. Guv 

H()bb.s, Robert 

Hazlkhigg, Lord 

Bourne. John 

JoNE.s, Herbert 

Burrell, Sir Merrik 

Burrell, Lt.-(^ol. W.K. 

Merson, Tom H. 
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(’HILLJNC} WORTH, C. A 
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Sir John 

Deck, Henry 

Pender, Major Denison 

Leigh, Lord 

Kvehktt, Major N. 

Talbot-Ponsonby, a. H. B. 

Stedman, Sir L. F. 

Foster, Major G. B. 

Webb, S. Owen 

Baird, Capt. W. J. 

GloSvSop, C. W. H. 

WlGLKSWORTH, R. T. 

Bell, John 

Harris, John F. 


( Chainuan) 

Dairy and Produce Committee. 

Barclay, Major M. E. 

Johnstone. G. H. 

Burke, Sir Roland 

Bennion, J. E. 

Kay, Dr. H. D. 

Burrell, Sir Merrik 

Egerton, Commdr. H. S. 
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Dampieu, Sir W. C. D. 

Evens, John 

Shihi.ev, j. W. 

Weigall, Sir Archibaui 

Olo.ssop, C. W. H. 

Smith, Fred 


Horticultural Ck>mimttee. 

HAZLERKio, J.ord {('haimum), Burke, Sir Kolanj) 

Pennell, \V. E. 


Honorary Director of Show. — Sir Roland Burke, K.C.V.O. 

Surveyor to Show.- "Phaules JT. K. Naylor, St, Mary's Ohainbers, Quern Street, Derbi/. 

Society's Officers. 

Secretary.- A i.EC Robson, O.B.E., 16, Bedford Square, London, W.C.l. 

Editor of Journal. — Dr. Charles Crowther, 79, Ckcam Hoftd, Ewell, Surrey, 

Consulting OAemi.s'L'- Eric Voelcker, A.R.C.S., F.K.I.C., 1, Twior Street, London, E.CA 
Consulting Vetcrimry Surgeon, —Vvof, J. Basil Buxton, M.A., F.K C.V^.S., Royal Veterinary College. 
Publisher. — John Murray, 50, Albemarle Street, HM. 

Solicitors. — Garrard, Wolfe <Sr Co., 18, St. James's Place, N.HM. 
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- J^igestive Disorders in, 27 

- L<*ad Poisoning in, 24 

- Pathology, Medals for, 207 
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